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THERAPEOTIC METHODS USmGBLBCTROMAGWBTIC 

RADIATION 

BACKGROUND OF THE INVHSmON 

;;;5-:-;:;;?:;::-:^:^ 

Related Appllcatioiis 

This U.S. Utility Patent Ajq)licatioii daims priority to U.S. ProvisioBal 
Patent Affplication, Serial No. 60/301^19, entitled "Therapeutic Methods Using 
Electromagn!^ Radiation,*' ffled Suae 26, 2001, and U.S. Provisional Patent 

10 Api^caticm Serial No. 60/301 ,376, entitled 'Iw&iltiple Wavelengtii Hluminator;* 
filed June 26,. 2001.. 

This U.S. Utility Patent Application is related to U.S. Utility Patent 

^^UcatiottSerialNo- ,entitted*!Nlidtii>leWawlengtliIttiminatoi,'* 

Allan Gaidiner and Constance HabCT, inventors, filed June 26, 2002. Bai^oftiie 

1 5 above application^ is incoiporated heacem by reference. 

Field of tiie Inventioii 

ThisinvCTlioiirelatesto meftK>ds fortr^atmgpathophysiologicalcorditions 
using electromagnetic radiation. More particular^, this iav«iti<m relates to 
20 J^jplying electroroagnetic radiation baving controUed^^^^ bandwidfhs, 
pulse durations, pulse frequencies and/or iutensiti^ ^pTied to areas of the body 
associated witii a disorder to; treat disorders of fl^^^ nerves, blood 

vessels and olber organs add tissues. 



25 ItelntedArt 

Blectiomagnetic radiation is a subject of ^u^easing focus by heal& care 
practitioners. SunUg^t has been de$(»cfl)ed to play an important role in health and 
the prevention of disease. A. Kime, MX)., Sunlighty World Health Publications, 
Pengrbye^ C^Hfbioua^^^t^^^ of ^tpositte 
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short wavelength ultraviol^ QUVA^!), tuidiange and long wavelength ultraviol^ 
('^UVB*"), visible light, and inftared radiation. Ultraviolet light includes 
wavelengths of electromagnetic radiation of about 0« 1 nanometer (itnn) to about 380 
S mxL The ulizaviolet spectrum can be considered to have several ranges. IJVC has 
wavelengtb$iutheTangeofabout0.1 om to about 290 mn, UVA has wavelengths 
in the range of about 290 nm to about 320 niti» andUVB has wavelengths m the 
range of about 380 nm. Visible ligjit is in the range of about 380 nm to about 780 
nm, and infirat^ radiation has wavelengths hi the range of about 780 nm to about 

la 1000 micrometers C^lim*"). 

Lasers and light emitting diodes have been used in acupuncture, pain 
management andtissueregeneration. Lasers produce coherent light, that is, having 
radiation waves that aie in aUgiment widi each other, and 
wavelength. In contrast, sunlight, light-emitting diodes (LEDs) and light fcom 

1 5 incandescQit sources (e.g., filament light bulbs) produce non-coherrat light, that 
is, radiation craves that are not in phase with each other. Moreover, non-^herent 
Ug^ typically con^rises more than a single wavelength. 

Ultraviolet Ugjrt has been used to treat dqn disordas and to promote the 
conversion of VitaniinDtoVitaDainD3,feeactivefonnbffl» vitamin. Flickmng 

20 red lights have been used to treat premenstrual syndrome and migraine headaches. 
Other uses of flick^g colored Ugjtt hicltide treatmewt of post-traumatic stress 
disonter. Additionally, skin cancer has been treated using a photDchemically 
sensitive cream applied to file ddn is tak^ by cancer cells. Subsequent 
exposure to fi^ having a wavelmgto of about 630 nm is &en provi^^ The 

25 photochemicalisactivatedwithinthecaiiOercellspro^ 
the cells. 

Acupunctine is an ancient health care system based on twelve meridians on 
each side of the body and two master meridians along the center Ime of the body. 
Bach meridian contains fiom about twenty-five (25) to about one-himdred fifty 
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(150) aciqjunctorepoiiits. ManyhealthprobleoMateassodatedwifhahmmn^ 
in the meridians. Acupuncture points are typically stimulated using aeedlei:: '}-£-:2:Z''\::'}, 
inserted into themeridians, and also can be at^vated by electromagnetic lafflation. 
Blectrbin^etic KuHatibri^^^^^^ 
5 contributing to the spread of diseases including human immunodeficiency virus 
C'HIV''),hq[>atitis and other blood-borne dis<ttdets. 

Infiared radiation and low energy lasers are used to treat a variety of 
^ffeTBsnt medical conditions. Riotous can be delivered thiou^ flie skin to 
und^lyHJgtissues,andcanbeabsoibedbythetissuetoactivatestractaieswithout 

JIO the potential for cansii^ siq>«ficial damage t© flie skin. Stimulation of c@tm 
nCTvesbynon-coherentelectromag?ieticr$diatioili8a8soclatedwithdecreasedpain 

(Haber et al., U.S. Patent No: 6,157,854; PCTAJS00/009U). US. Patent 
6,157,854 desraibes methods for simultaneously ejqwsing acupuncture sites to 
locidized infiared radiation andmonitoring ten^eratHre$<*tt 
15 • thebody. 

SUMMARY OF THE INVENnON 
Thus, one object of fibis invention is the development of improvedmethods 
for trejrfing disorders of ttie bod^ usmg electronu^etio radiafioiL 
20 Anofeer object of diis invention is the devel<q>ment of im^kroved m^ods 

for «valua&ig the eMcacy of thasq?y using electromagnetic radiation. 

These and othBrotd«cteatemetbynevvmediodsfbrtherJ5)eutic^lication 

of electromagnetic radiation to tissues fliat are sensitive to such radiation. 
Then^tic nms inelude normalization of blood flow to and fiom, and lynq>h^c 
25 flow ftom affected regions, and nomializatiofl of jnuscle tone» nerve activity and 
ottier tissue functions. Specific wav^engtiis cm be chosen based on physiologic 
soeeoing and senjatitvity testing conducted prior to and during the q)plication of 
treatm^it Monitoring of patient's omdition cdnbe selectedhased ontbepatioi^s 
sppfti fi«» HiR gnn ^g imA iSne. organ systems and tiflsttes afifected. 
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Electromagaetic radiation therapy can be carried out by ^posing a site on 
the body with localized non-coherent radiation of a desired peak wavelength and 
wavelength bandwidfib (herein known as ''bandwidth*') which does not vary over 
time, inclxiding those in the injBrared, visible^ ultraviolet and other portiom of flie 

S electromagnetic spectrum^ Additionally^ tibte wavelength used can vdiy over tune. 
Fib^ optics or oth^ types of waveguides can direct beams of electromagnetic 
radiation to specific, predefined sites on a body with ease. Additionally, witii the 
advent of devices incorporating dual or mxiltiple illximination system^s (U.S. 
Provi^on^ Pat^t Application titied: '^Multiple Wavelength Illuminator^*, Allan 

10 Gardiner et al,, inventors, filed June 26, 2001, US. Utility Patent -Application 
titled: ^'Multiple Wavelength Illuminator**, Allan Gardiner et al., inventors, filed 
concurr^tly, each patent application incorporated herein fully by refermce), it is 
now possible to provide, independaitly controlled beams of electromagnetic 
radiation to specific locations. In other a^ects of this invention, a plurality of 

15 h^sms of dectromapietic radiation can be used either simultaneously or 
sequentially, ^uid each having separately controllable wavelength, bandwidth, 
intensity, pulse duration, pulse firequmcy, phase or polarization. 

In addition to providing a fixed^ narrow bandpass beam, the wavelengths 
of eIectcomag3Qietic radiation caabe varied over time during application* For 

20 exanqple, in some embodiments, it can be desirable to provide 'Vavelengfh 
variation^* around a "central wavelength.** Jxk 9Uch embodfanents, a central 
wavdengfhcanbe selected andtiieillumhiatbrcanbeusedto vary the wavelength 
to uictode wavelengths of longer or siiorter wavelengths, ^ically in the range of 
about M nm to about tb 100 nm^ alternatively about it S nm to about SO nm, in 

25 other embodiments in the range of about ^ 20 nm to about ± 50 nm. It can be 
appreciated that other ranges of wavelength variation can be used It can also be 
appreciated that one can have variations about a central wavelength tliat are 
asymmetrical tiiat is, the change in wavelength om be greater in one direction than 
intixeoth^. 
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Simflaa3y, flie i»te of 
can be in the range of abottt 1 sec to about 100 sec,, alt^^ 
about 50 sec, in other eoabbdiments in the rangeof about 20 sec to about 50 see* 
Additionally, the Jate of change of wavelength can be m the range of about 1 
5 mn/sec to about 100 nm/sec, alternatively in the r^ige of ^ut 5 nm/sec to about 
50 nin/sec> and in otb^ embodiments, fiom about 20nm/sec to about 50 nm/sec. 

MoreovCT^therateofcban^ofwavelengflicanbe varied, and includes by 
way of exanqple only, linear dbanges over time, a sinusoidal ou^v^ vA^sat^y the 
rate of change of Wavelength varies over time according to asine wave fimction. 
10 In other embodiments, the change of wavelrngth can be trapezoidal* It can be 
q)pieciat6d that any type of a large nmnber of variations in wavelei^^h tbont a 
central waveleng^ can be used. 

One or more of a number of mefliods for selecting and/or varying 
wavelength and/or wavdengSi variation over time can be used For example, 
15 prisms, diffraction gratings, rulings, or filters can be relatively ine^ensive* 
Alternatively, diode array emitters can be used. 

A portion of a sul^ect's body can be iUnminated ^ loe^ons dedgned to 

improve ftmction, Tdg^ points, acupuncture points, electrodi«^ostic points, 
uerve distributions OT blood vessels can be ifluminated singj^^ 
:: : -2 Additionally, to inq)iove transparency of tihe subject's skini, a small dropof liquid 
can be used,, such as water or oil. 

:br^roved m^hods for evaluating effects of electromagnetic radiation 
therapy include, but are not limited to, the use of seaisitive infrared camera^ to 
monitor changes in body surfece temperature C'ttmnography'^ surfece 
25 electromyogr€j>lv ("sKMG*' or '*SEM(y% oximetry, pufae volume, tissue 
compUance, monofilamenttesting, Doppler blood flow, pressure Are^ 
perception threshold, electrodemial^^^^ a measurement of skin 

conductance), sweat testa finxch as the Alizarin SwMt Test; somatosensory te$tin& . 
heart rate yanabifily entraimiient), uerw • <^ 
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canipimetry, algorte 

known in the diagnostio mi/<a evaluative arts* 

To treat peripheral symptotm with electrcmiagaetic therapy, it can be 
desirable to e3q>ose a ti0cveitmvetvating that site close to the exit of the nerve ftom 

5 the central nervous system (a **ptoximar location)- It can be desirable to expose 
a more peripheral part of tiie nerve (a **distal" location). Alternatively, it can be 
desirable to expose a nerve in an intenne^ate position between a distal site and & 
pioximd site- Further, it can be desirable to simultaneously expose different 
locations of the same n«ve to electromagnetic radiation, and in further 

10 embodiments, it can be desirable to expose nerves to radiation at di£feretit times in 

different locations. 

To treat central norvous system disorders, it can be desirable to modify the 
activity of sensory affeientnervK. Alterations in sOTsory nerve activity can occur 
wifliin structuresin the s?>inal coid and/or tiie brain, including those structures that 
15 ate responsible for pain transmissdcm^ motor function, or motor control. 

Musclecells aiidtierves to those muscles can be treated to cause relaxation, 
thereby decreasing muscle spasms and decareasing sy$iapioms associated wifli 
muscle spasms such ad some t/pes of headaches. 

Electromagneticradiation can be applied simultaneously to the eyes and/or 
20 ears or other s«soiy structures along with peripheral sites- By stimulating a 
central nervoua system (CNl^ site along with a peripheral site, piovidmg 
•^enttaimnOTr or augmentation Cff iEherapeutic eflFeots. Bntrainment can be 
promoted by seleetfaig pillse fiequency and phase relations^ps between the CNS 
and peripheral stimuli. In additi<^ to C9>IS sites, it can be desirable to stimulate a 
25 plurality of peripheral sites to entrain excitable tfasues to produce enhanced 
therapeutic effects. 

Although mec^ianisms underlying the therapeutic advantages of the 
metiiods of tiiis invetition notprecisely knowfi, a possible mechanism may be 
fhat electromagnetic theri^y can difiGsentiaUy stimulate or ii^bit differ 
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of l^c^^^ : 
acconling to 

5 waveloigth, bandwidfl^ waveleng^ variability oveortime, intensity, pulsedufatioB, 
pxilse fi^juejicy, polarization of the radiation, and duration of treatment by 



::::::-;::.:iS|u^ 

:\::^:::vnerm^ a fliird narve. 

Figure Ic d^ids a situation in vdMcK M 
release of transmitter Scom a stimulatory nerve. 

Figure Id depicts a situation in which a stimulatory nerve potentiates iflie : 
release of transmitter fiom m inhibitory nerve, and an inhibitory n»ve inhibits the 
20 release of transmitter from a stimulatojyne^ 

FigiiTO l a^^ 



p6t^^ 



having tn^^ 



7 



wo 03/002186 



PCTAJS02/20131 



Figure 3b depicts the SEMO trace of a non-affected side of the patient Hie 

numbers re&r to on^et of txeatm^t using electroma^etic radiation in the visible 

range of die spectrum, and the + sign refers to cessation of illumination. 

Figures 4a - 4b depict SEMG traces of a subject different from that shown 
5 inFiguies 3a and 3b having trap^us spasnu Figure 4a depicts the SBMG trace 

of the affected side* Figure 4b depicts the SEMG trace of the non-affected side. 
Figures 5a - 5b depict SEMG traces of a another subject having tr^e^ius 

spasm. Figure 5a depicte the SEMG trace of the non-affected side* Figure 5b 

depicts the SEMG trace of flie affected side. 
10 Figures 6a - 6b depict SEMG traces of anoflier subject having trapeaiw 

spasm. Figure 6a depicts the SEMG trace ofihe non-affected side. Figure 6b 

dqpicts the SEMG trace of the affected side. 

DETAILED DESCMPnON 

1 5 This invention includes methods for treating a variety of physiological and 

pathophysiological conditions using electromagnetic radiation. Electromagnetic 
radiation can be delivered as a beam of radiation having defined wavelength, 
bandWidth,^ wavelengfli variability over time, inteoaty, pulse duration, pulse 
fteqaency, and/or polariMtion, Evakiation of tha:q5eut!c efiBcacy can be 

20 accomplished using several mefliods known m ttie art It can be desirable to 
provide two or more separately controlled beams of electromagftetic r^ation, 

* Numerous conditions can be treated using the meOK) 
Mufictflar and connectivetissue disorders include sprains, 
strains, athletic injuries, spasms, fibromyalgia, triggerpoints, myofescial disorders, 

25 myalgia, myositis, ovmise disordered weakness fix>m disuse, taut and tender fibers, 
chronic stress contractions, muscle spasm, lower extranity neuropathy and 
muscular rheumatism. 

Nervous system disordears include, by way of example only, neuralgia, 
radiculalgia, radiculopathy, sciatica, carpal and tarsal syndromes, compressive 
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fieiiropathieSy autoHomic nervous system disordecsy post surgical pain : e^dtome^ 
causalgia, RSDj, complex regional pain syndrome^ post herpetic pain sfyndtome^ 
ditdnic pain syndrome* diabetic neiuopathy and penpheral neuropathy. 

Joint disorders include by way of exumple only, sprains, strains,. 
5 degienaration^ bursitis, t^donitls, subluxation, segtn^ital dysfunction, articular 
disorder, postsiurgical defornuties and post fiacture deformities. Disorders of fee 
ddn and integument include, by way of example only, lupus vulgaris, acne, 
eczeoia, psoriasis. Disorders of the ear, nose and throat includCj by way of 
example only, tonsillitis, sore throat, gingivitis, thrush, and post nasal drip. 
10 Disorders of the gedilourinary system includes, by way of exan^le only, 
- h^onhoids, vulvod^a, pelvic floor ptosis, sphincter atony, urogCTitalpain and 
ppst-surgical painu Disorders of tfee vascular system include, by way of exanj^Ie 
only, peripheral vascular insufSciency, Raynauds's syndrome, varix, and 
vasospasm. 

I Selection of Therapeatic Variables 

Electromagnetic radiation feer^y can be ^plied using a range of 
feersq)eutic variables. Variables includefeewavel^gth^bandwidth^ the intend 
total radiation dose, pulse duration, pulse fiequency, polarization of the radiatioti^ 

20 and shape of fee beam, among ofeers. Li certain mibodiments, it canbedesirable 
to use relatively narrow wavelengths of radiation in fee visible spectrum^ having 
adistinct "color.*' It can be dedrable to vary feebandwidfeof wavelengfes used, 
resuming in feerapy using a plurality of "colors**. The descriptions of wavelengfes 
$re not limited^ however, tt> visible ligjbt, but rafeer can be applied to any range of 

25 eledromagnetic radiation having wavelengfes in fee ultraviolet, visible^, in&ared, 
or radio jfirequencies, Tbos, m certain embodimeuta in wMch fee. optimum 
wavelengfei isnot Imown, it cM^b^^^ 
of radiation around a certam 

of feere^iy aremonitored^:<m0::i^ or broaden feebandwidfe 
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of nuliatioli as desired. Bxamples of devices for producing electcomagn^c 
radiation having diffefSnt bandwidtbs are desmbed in U.S. Provisional Patmt 
AppUcation titled: "Multiple Wavelength flluminator^, Allan Gardiner et aL, 
inventors, medcoiK:uirently,a;idhereinincorporatedMtybyreferenBe. Although 

5 sevexal i^lkations described herein ref^ to filter-based illuminatbrs, it is 
contemplated that other types of illuminators can be satis^ctorily used. 

The ^1>andiAid^ '* of an iUmni 
that are presort in an output beam. For exartq)le» in a filt^-based system, the 
bandwidth is the range of wavelengths thatcanpass through a filter or plurality of 

10 filters. A bandjpass filter has a transmission that is for a particular band of 
fiequencies and with a low«: transmission of frequencies above and below this 
band. The width or narrowaess of the band for fiequ«i<aes transiidtted through a 
filter is ofbrai measured by the 'lialf bandwidth" tiiat is tiie fijll widtii of tiie band 
at half-power or half of the peak transmittance points specified in ^ther 

15 wavelengfti units or in percent of cOTter wavelength. Anotiier common measure 
ofabandpass filter is the'Txalf-powerpoinr that isthewav^engthatwhichafilter 
isliansmittingcne-halfofitspeaktransmission. For example, for a ban^ass filter 
with a peaktiansmisaon of 80 pemaat, fiie wavelengths at wMchit transnnts 40 
percent are the half>*power points. 

20 Bji certain aspects of this invention, iUuminatois utilise filteas that can 

transmit a single wavelengttn, alternatively a narrow bandwidtti, or even a wider 
bandwidtii radiation. Novel aspects of devices usefiil for ©lectromag^ietio therapy 
permit rapid, reproducible conti»l of characteristics of b6ams of radiation. 
Dluminatois of tills invention include sources of electromagnetic radiation 

25 (including visible radiation 'UghfO tiiat incorporate simple, reliable means fi>r 
producing beams of radiation havmg desired wavelraigflis and/or otiier 
Characteristics. A source of broad-band electrom^etic radiation produces 
radiation havmg a wide range of wavdengths, inchxding those dedred. One or 
more filters placed in flie paflx.dftiie radiation can attenuate cettm wavelengths 
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that ai:e not desired pmrntting desired wavelragftis to pass through the filter and 
directed to a targ^. The wavelaigflis of radiation that pass through fiie attenuator 
C'filtCT^') have a characteristic spectrum, depending xxpon tiie properties of &e . 
attOTuator* It can be desirable to rapidly, slowly, and/or controUably change the 
5 wavelengfli, wavel«igdi bandwidth characteristics, wavelength variability ov« 
time, polarization^ and/or odiet variables to provide pulses of radiation,^ and to 
direct beams of racUation to a desired, localized target area. Means are provided 
to siqjply radiation, to uttOTuate radiation, to direct and sh25>e a beam of radiation, 
• and provide a pulsatile beam havmg desired pulse duration and fiequ^cy to suit 

10 a particular purpose. Systens are provided to coordinate the production of one or 
more beams of radiation and to direct beams independently of one another hi 
some of these embodimCTits, the characteristics of multiple beams of 
electromagnetic radiationcan be regulated sepamtely. 

One purpose of filtering to specific narrow bandpass characteristics is to ■ 

15 provide Tadiation tidat intei«cts wifli p^cular biologic con^xments (e.g. nerve^ 
muscle, blood vessels, bloody connective tissues, ete), specific chemical or 
molecules, or a wavelength specific recqptor. The ability to select both a desired 
wavelength axid bandwidth can permit a r^id and efficient means of delivering 
electromagnetic radiation to an area or volimie of tissue or other material in a 

20 repjoduciblo j^istuon. 

Radiationcanbeusedtotreatpathophysiolog^cal conditions, sudxas those 

caused by diseases or disord^. Physiological responses to electromagnetic 

radiation ofdi£G^entfi:equendes is variable and can te For 

eKan:q>le,xiItraVioletradtationofwavdlCTglfasintherangeo 

25 Cnm") to 300 nm (ultraviolet wavelengths) can be used tor sterilizing wounds or 

oth^physical objects, and infi'ared radiation of wavel^igths longer thm 700 nm 

(or 770 xsm, accoxding to sonae refarences) may be used to heat tissues. Each 

wavelength of fiie q>ectrum fitom 200 nm to about 1600 nm or more can be 

absorbed by tissues differaitly to provide difiT^^it therapeutic refuses. 
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Sinxultaneous application of two or more wavelengths can be used to anient the 
response that would have been effected by i^lication of a single wavelengflL 
Becauseof&e variability of each subject (animals and human), the ability to select 
specific wavelehgthd for that individual is deniable. 

A Source of Electromagnetic Radiation 

Sources of electromagnetic radiation useful for the methods of this 
invention are not d^endent upon aiQ^ particular source for operation* Each type 
of source(e,g- tungsteu,^ tungsten-halogen, arc, gas discharge, broad spectrum ligiht 

10 emitting devices '%EDs'% and the like) has a spectral oirtput that maybe usefid for 
various therapeuticapplications. IhcandescOTt tonps canprovide desirable ranges 
ofwavelengths, canbe found in a variety of conJBgurations, can be inexpmsive and 
readily available. Arc lamps provide radiation containing wavel^igflis fiom 
ultraviolet through infiared ftat can be used as a source for a filter4>ased system 

15 diat can deliver a narrow bandwidth, selectable over a wide range of wavelengflis 
inttie spectrum. Gas dischaige lamps can sxq>ply high power pulses. Some lamps, 
such as connnercial tungsten-halogen reflector lan^s be pre- 

focused a beam of electromagnedc radiation such that aroinimum of l«3es are 
tequired in tiie optical padi. ReflectOTlanqwcanbeuse&linsituafionsinwhich 

20 a li^-weight, portable device is <tesired. 

B FUter Based Selection of Wavelength and Bandwidfli 
Charaetertstics 

111 some embodiments, illuminators inchide filt ^ for controlling flie ou^ 
25 of electromagnetic radiation. In several embodiments of this invention, the means 
for controlling the output comprises an att^uator* dichroic filter or series of 
attenuators or dichroic filths. As used herein, the term **dichroic'' means a filtw 
or attenuator that passes certain wavelCTgths of radiation based upon the 
wavelrngfttofthattaiKation. It can be appreciated that any of die properties of an 
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oulputbeamcanbeconbrolledaad/or selected, tither to select a fixed cjiaractmsilic | 
(wavelOTgth, pulse fiBquency, intensity, wavelCTigfli variability, md flie like) or one 
that varies as desired ov^ time* 

A plurality of flJtets can be used to adjust the bandwidth of the ou^ut 
5 radiation beam. In certain embodiments, a filter assembly comprises a series of 
individual filter elements, esudti having a transraission maximum at a ceitam 
wavelCTigth. This wavelength is temied the '^peak*', "central**, or **mode*' 
win^lengtti; AdditibnaUyi^e^ 

that can pass flnough in suffioimt amount to be useMfor the intended purpose of 
10 the illuminator. The wavelengths that can pass through a fUterelemoDt is t^dtn^ 
the^1>andwidUf^ or **wav0leugflirange*\ Forcertain filter elements^ thebsoidwidth 
can be relatively nairow, that is^ the peak wavel^iglh and only a relatively iiaxtow 
range of wavdiengths on either side of tiie peak can pass through in dgnifiqant 
amounte4 In contrast, fbr other filt^ elements, the intrinsic absoiptivity of tixefiU^. 
.15 material is such that a relatively wide range of wavelengths can pass throu^ m 
significant amounts. Such filths are herein temied ''wide bandwidtii" filters. 

Many types of filt^ are available, and any type of filter maferwl can be 
used that is oon5)atible with the types of elecbomagnetic radiation, the other 
components ofthesystem^atidthetiltimate use of ti^ For example, 

20 plastic, glass, quartz^ rean or gelfilterS canbe prodded in sizes th?* cjuibe adapted 
foruseinavarietyofcoufigurations. Incertainembodimeaits, filter elements can 
bemadeofabasematerial and ttimprovided ("doped'*) with a material suitable for 
controlling the ladiattoii emitted from the illuminator. 

Once manufactured, apluraHly of filter elements can be arranged in an 
25 array, in lin^ or variabl© relation to each .ofiier. For example a s«ies of filters 
can be atcastged linearly, to pmvide a series of .filtm having progTi^ivdy.. 
increasing (drdecreasii^g) peak transi^^ 

ancay of filters oan be provided in which ccalain peak wavetengtba ats clust^rs^,:: 
that is, not neisessarily in progressively increasing <or ;dea?eastng) 
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transmisdOB* In certain other embodiments, filter elements can be arranged in a 
circular or ovoid fashion on a rotating disk. Thus, whm the disk rotates and/or 
translates relatiye to a radiation source^ the bandwidth charaeteristiGs of the 
radiation can be selected Alternative embodiments of this invention utiliz^e a series 

5 of fixed filters which allows selection of spectral transmission based upon the 
location of the filter assembly relative to the beam of radiation passing through. 
Alternatively, asingle filter canbemanuiactuied that h^ 
controlled by way of ejcample, an externally s^Ued elec^cal field 

Regulation of the peak wavelength can be readily acc<a«5Jlished using 

10 dichroic filters. Filters having selected pedc wavelength ban^asschaiactCTistics 
are fcaown in the art, and can be obtained, for escample fi^om Ocean Optics, Inc. 
Filterscanbe made using precision lithography, such asusedinfhesaniconductor 
manufacturing industry. 

The '"bandwidth" of a filter assembly is the range of flequencies 

1 5 (wavelength?) that pass throu^ a filter. A band pass filter has a transmission that 
is high for a particular baiid of fi:equencies and with a lowear transmission of 
frequencies above and below this band The width or narrowness offlie band for 
jBrequendes tranmiitted flirough a filter is oftenmeasuredby the **halfbandwidth'* 
that 13 the fell width of the band at half-power or half of the peak transmittance 

20 points specified in either wavelength units or m perc^ of center wavelength- 
Another commonmeasureof abandwidtt filteris flie*1ialf-powerpQinlf* that is the 
wavel^:igth$it which afilteris transmitting one-half of itspeaktl^ij^^ For 
example, fbr a bandwidth filter with a peak trafijtfttts^on of 80 peicent, the 
wavelengths at which it transmits 40 percent are the halff^ower pohit& 

25 Color is an attribute of visual experience ^at oaabe described as having 

quantitatively specifiable dimensions of hue, saturation, and brightness or 
li^tness. The visual experiCTce also can include other aspects of p^q>tion, 
including extent (e.g. size, shape, texture, and the Mke) and duration (e.g, 
movement^ fiiicker^pulsedurationi and thel^^ 
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etc.) are often used to describe various wavel«gtte or groups wavelen^hs of 
visible li^ The radiation used m scieatific^ industrial, and medical instruments 
is generally q>ecified by fhd wavelmgths transmitted *iid the proportions of each 
wavelen^ within the active area. The use of color names can be a convenient 
5 waytOCTpressflie£5)pearanceoftheligJit For pmposes of these descriptions, 
color names can be used to convey m £q)proximate range of wavelengths used. 
Color names often describe combinations of wavelengths of radiation from 
differing portions of the visible spectrum. The color to wavelength conversion 
identity varies sli^itly from the various resources. One soince. Van Nostrand's 

10 Scientific Qicyclopedia, Third Edition, Usts flie conversion as: 
Viol^ 390 -455 nm 

Blue 455 -492 nm 

Qteen 492-577Bm 
Y0llow577"-597inn 

15 Orange 597-622nm 
Red 622-770nm 

HowevCT, ofeer refermce books recite other wavelengSi tanges for the above 
colors. Thus, we do not intend that each color iiame be provided with an exa^ 

20 wavelength ot bmdwidth characteristic* Ra&er, each of the colots described 
her^ is intended to be a guide for use of the devices of this invOTtion. For 
Gxstaple, for therapeutic purposes, the color **violef * may contain amounts of 
longa; blue wavelaigtbs, and may also include certain amounts of short«- 
wavelengths, in the ultraviolet range. Siinilarly, the color yellow may contain 

25 certainamounts of green and/or orange light Moreover, other colors describedby 
their common names may include greats or lesswampimts of other, wavelengths. 

Some commonly named colors include two or more wa 
light Magaita, for example, has two peaks, one in the violet region and another 
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in red region. Pwple has peaks similar in wavdengQi to Magmta but has 
Mgher violet tnuasmisdon. 

Perc^tion of a given color may result fiom combinations of wavelengths 
added together. Themostcommoncombinationisred+grem+blue. Thesefbree 
5 colors ^reused in differing pn^ortions in computer monitors and displays to create 
the colors svailabte on the display. Other combmations of filters m«y be used in 
parallel to produce parcdved color. The printing industry ad^ts to varying ink 
properties as a routine matt^. 

10 1. Filters 

When used for flioapeutic purposes, a purpose of filtering radiation to 
^ecific narrow bandwidth characteristics is to provide radiation having 
wavelengths fliat mteraot with particular biologic components (e.g. nerves, 
muscles, blood vessels, blood, etc), specific chemicals or molecules, or otiier 
15 wavelaagth-spedfic reenters. By selecting tiie desired wavelength(s) and the 
bandwidths of wavelaig&s can peamit a r^id and efficiait means of delivering a 
rqproducible electromagnetic stimuhis to an area or volume of tissue or other 
mat^ial. 

hi certain embodiments, our invention utilizes fflteis ftat transmita single 
20 wavelengfli CoefAtO. wavelaigth*0 <w narrow bandwidtii of waveleng;ais. One 
aspect of our filter design p«mits control of tiie width of flie bandwidth by means 
ofmovingthefilterintwo directions wiflirespectto tiieiadtationpalh. Movanent 
" of file filtCT relative to the radiation source in one direction controls ttie peak, 
center, mean or mode wavelength, and movaneait in anotiio: direction canivoyide 
25 radiation having dififeting bandwidth ranges. 

In otha- embodimaits of fliis invention, a central wavelength can be used 
and a time^ependent variation m wavelengfli around the central wavelengfli can 
be used Ovavelengfli variation"). By changmg the magnitude and/or firequency 
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and/or the rate of diange of wavdength around flie CCTtral wavelengftt^ desired: 
therapeutic efifecta can be elicited. 

In certain ^bodiments, a fixed ^eiture that Hmits tho transtmssion of 
radiation to a well-defined area such that the mix of wavelengths transmitted 
5 represents the sum of filtOT elanents within that €5)erture. The amount of radiation 
at the peak transmission wavelength may rfi'n^tnish as additional filter elemi^ts of 
difTimng wavetetig^ inttddiiced into the radis^on paliju lids designis ^ 
and can 113$ any 46sir^ apeiture aieapract^ 

10 2^ Linear Fflf^ Arrays 

In certain embodimi^fs^ a sades of filters . having difia:rat fixed 
t^ansimssicm characteristics may be placed b^ween a radiation source and one of; 
fbe waveguides. These fiU^ may be used to $elect the desired ranged of 
wavelengths or to exclude large s^ments of the q>ectrum^ such as» for example^ 
IS infirared blocking filters. 

Tn other embodiments of fiiis invention, alinear filter, such as aSdiott Vml 
60^ may be manu&ctured such that the transmission spectrum continuousiy 
changes wiOi t^ect to the position along the filter Brtdsy. The variable spectrum 
characteristics of the filter array are accessed as de$ired by moving the filter array 
20:; id<nigthevanab]^wayel^)g&ax3^ 

section by means of a mechanism. The mechanism must allow repeatable motion 
wfaea drh^ miintiaUy x>r by a m eird>o<UmOTt of this apparatus uses a 

leadsoie^ and carriage assCTibly to move the filfar, Aoo&er embodhnent uses a 
rack md pMdii ty^^ verdon of tfie circidar variable fiilter 

25 . described betdw may be manufiu^tifed as either an array of individual filt^ or as 
an ariray that peimits changes^^i^^ spectrum and maximum 

tr^^ filter arniy in Woi axes transvonse 
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It aSbea onbodiments,. "wedge?' type filtas can be used, m which an 
absQiptive mediuni is provided on a substrate. One portion of the wedge typically 
has a thinner layer of absorptive medium, and another portion typically has a 
thicfcfflayw of absorptive mediinn. An interference pattem can be generated by 

5 wavelengflis of radiation, so thatradiationenatted cmihavedifferwtf wavelengflis, 
depending i^n the thickness of the layer Of absorptive material Certain filtws 
useful fOT the devices of this invention can be obtained commercially fix)m Ocean 
Optics, Inc. Thus, in certdn embodiments, two or more wedge filters can be place 
near one another so that the radiation emitted by both filters Can be collected and 

10 used. However, the above description is not intended to be limiting, rather Miy 

available filter types can be used. 

In certain embodiments, arraysofsmall filter elementscan be im>videdfliat 

have small size (about 1 jmi on a side) and manufectured using photolithogr^hic 
methods, as used in the semiconductor manufecturing industry. For radiation 
15 havingshortwavelengflis, (e.g.,200nm),fliesizeofihefilterelementscanbeev«i 
smaller (e.g., 200 nm). Plaiiar arrays of such filters can have large numbers of 
individHaUymanufactured filters, and, if desired, each canhave different bandpass 
characteristics. CertainofthesetypesoffilterarrayscanbeobtainedfiwmOcean 

Optics, Iho. 

20 muxs may be fixed in place or moved into or out of tiie beam by 

mechanisms provided for that purpose. The characteristics of file Alters are 
selected for ihe requirement of the system. For example, a filter may pass two or 
more fixed wavelengflis of radiationflirou^oneiUumination sectiOtt^«iiidi is tiien 
combined with a variable wavelength radiation &om anotiier illumination section 

25 to provide more specific narrow wavelengUis flian tiie number of illumination 
sections. Additional filters maybe selected or automaticallyplacedintheradiation 
pafli as designed into tiie particular mechanism Some example of flie filter types 
are naxiow band, cut-of^ ot bandwidth filtets. 
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Vaiiablefiltwusedto select &6wavdagthor^>ectim for 
eactL iUumination sectlcni may be created by a variety of methods and physical 

transmission characted&tics. Some e^oiniple filters include gel filtets^Mteii^ 
5 filters, dictaioic filtas» substrate filters or other types known in ttie art The 
geometiy of theillm 

adjusted to obtain radiation Imving desired spectoxd char^ 

3. C^eolar Filter Arrays 

10 Circular fflter arrays can be iised that have one or more pat^^ 

elements or materials that allow transmission of different waveliraigths dq>ending 
on the relative rotati(»ial position of fiie circularfilt^ array and the source beam. 
The:filter aixay inay be iPtalediodisQiete angular pod^ :. 
fi>r remote control. A means of repeatedly returning to a desired angular position 

15 can be provided by a dial or by a mCTioiyelem«it associated with the motorizing 
$ystem. Some examples of amotorizing system are a steppingmotor with ameans 
of initializing the angular positioi^ or^ a serVo motor with an encoder which 
provides initializmg infcHination. 

Dimmsions of Ihebeam of radiation relative to die active circumfermce of 
* 20 die illumination section can contrilnrte to the spec^ 

entering the waveguide. In some embodimoiits, a variable filter pattmi can 
comprise an annulus that has variable wavelength transmission along the 
drcunoferCTce thatpasseslhxoug^the iUuminationpathas the filter istotated about 
its axis of rotation. One result can be di£^ each angular position corresponds to a 

25 diffCTent specific narrow spectrum of wavelengths* For filter arrays having 
continuous and monotcsncally changing transmission along the ctrcumfer^ce of 
the acray» the widdi of liie r^ 

section is determined by the ratio of the active circumftirence to Hie diatteter, or 
wid^ (for noh--€ircular 
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filter arrdy may also be manufactured that comprises a series of disoete filter 
elements or materials whicti are accessed by rotation of the filto: disk. 

In certmn embodiments, a process permits manufacturing of a pattern such 
that the transmission characteristics of any angular and radial position can be 
S selected* The pattern may be su<^ that the area of each pattern element is 

relative to the active area of the beam. This allows the center of rotation of the 
ciicular filter to be moved relative to the beam to provide differing transmission 
charactedstics based on both activeradius and angular position. For example, tiie 
biitd: radius portion of the pattern area may have a constant Bnear variability, for 
10 example, fit>m400 nanometers C^mi'O to lOOQnm, that provides anairow spectrum 
of wavelengttis to em^ge from the illumination section, while the inner portion of 
the pattern area may provide a mixture of elements that combine to provide a 
broader spectnnn of wavelenjgflis to emerge flx}m. the ilhmaination Thus 
movingthe center of rotation and at>gle of the filt^ relative to tiie radiation beam 
15 canselect a specific narrow wavelength or a wider spectrum of wavelengths* This 
^ abilityto select center wavelajgfh and spread of wavelengths allows the system to 
provide additional control aver flie radiation em^ging from the illumination 
. section. 

ninminators of this invention may have a fixed aperture that Imiits thie 
20 transmission of radiation to a well-defined area such fliat tiie mix of waveloiglhs 
reinesents the sum of filter elements witfaintiiaf aperture. The amount of radiation 
^ fj^^ p^ak transmission wavelengfli may dimidish as additional filter elemrats of 
diflBbiingwaveleiigfhs are introducedlnto the radiation path. This design is simple 
and can use the mftxi"^«Tn apestvm area praeticaL In other enibodiments, an 
25 ^rture having variable area may be constructed fliat may increase in size if 
desired to allow additional radiation of differing wavelengths to be added to the 
ojpiginal beam. ConvCTsely, if it is desired to provide a narrower band pass, the 
aperture can be decreased in size to exclude imdesired wavelengflis fix)m passing. 
Hiis design can be used to keep the amount of radiation at peak trBnsmission 

20 
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waveieiigfts approximately <x>nstaixt wMle adding radiatioa of dififering 
wavelengths. 

Selection of peak wavel^gth^bandwidtix and/or intensi^ can be controlled 
by the use of a pluxality of shutters positioned relative to a filter array. By opening 
5 certain shutters &at are positioned corresponding to a desired peak wavelength, a 
beain of radiation can be captured that has that selected p^^ 
open up shuftets corresponding to high«^^ lower, or both higher and lower 
wavel^igths to pennit the passage of radiation having a broader bandwidth. 
Alternatively, one cm open vp a plurality of shutt^ corx^onding to a peak 

10 waveleogft to increase the intensity ofradiation in an output beiQx^ A plurality of 
peak wavelengths can be sdected to provide midtipl^ Wavelength output b^ans« 
It can be readily appreciated that numerous variations of tiie above can be used to 
provide a laige number of possible output beams. 

Tit^ types of shutter mechanisms used are not cmcial. In c^ttain 

15 embodiments, one can use mechanical shutters that can be retracted to open up an 
aperture. In oth^^nbodim^its, an array ofmurors can be used to reflect 
ofradiataontowardaparticuiarlocation^ tn still o&erembodimmts, a shutt^ array 
canincorporate an electrO'K>ptical device, including by way of example onty, liquid 
crysM devices (LCDs), Pockels cells, Kerr cells and other optical devices. In a 

20 shuttCT array, control ov^ individual shutters can be accomplished using 
mechanical or electrical signals, and those can, in certain embodiments, be 
controlled by a computer program. 

C Poised niominators 

25 In addition to providing radiation having controlled wavel^ogtb and 

bandwidth characteristics, theradiation may beprovided in a continuous or pulsed 
fiisMon. Pulsing radiation can either provide a tceqiieacy of radiation that can be 
absorbed by differait targets differently to achieve a desired degree of stimulation, 
or altCTiattvdLy as a means: for controlling the total dose of radiation emitted by tile 
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device. To provide piilses of radiation, any smtable mechanism that can regulate 
the pulse vddttt (duration), the fiequency, or fee pattern of radiation pulses can be 
used For exanople, in several embodiments, radiation can be passed through a 
shutt^ Of choppy system to provide the aforementioned radiation as pulses at 
5 variable frequencies. In acircular chopper, adiskof opaqpie material having holes, 
sUts^ slots, or areais of tr^^ 

the plane of the disfc A portion of the rofatiiig disk can be placed inabeamof 
radiation, and during tiie time that a hole or transp arent area is in jfront of the beam, 
the beam c$3i pass tiut>u^lh6didc» thereby providing the desi^ When 

id an opaque portion of the disk is in front of the beam, the radiation is blocked from 
passing Uirongji- Examples of choppers or interrupters suitable for use with the 
mefliods of tiiis invention are described in the co-penduxg United States Utilily 
Patent Application titled ^Multiple Wavelength Illuminator,** Allan Gardiner and 
Constance Haber, fiiventors, filed concurrentiy, incorporated hetehi fiilly by 

15 reference. Advantages of pulsed radiation include inoreased efficacy of 
electronui^etie tadiatton therapy. For exan^)le, the use of different frequencies 
of radiation pulses haa been demonstmted to affect norve cells differmtiy from 
mu$ole cells. Jhe selection ofthewavelengflx and frequency ofthe radiation can 
be based upon metbo(& developed for each iq>plication. 

20 Achopperor shuftCTmechanismmaybeplacedintheradiationpath of an 

iUuniinationsectiOttto provide intermittentpu^ A chopper can be desirable if 
it transmits all of the radiation m the open state, the number of ^ertures in the 
choj^per and the rotation speed of the chopper candetOToi^^ Low 
pulse rates may aJsa be ohtaiaed by oscillating the chopper ^©ture aoross flie 

25 radiation beam. The rate that the choppOT is moved may be varied over time to 
produce a profile of radiation mtensity vs. time. A single chopper maybe placed 
such that two ormore radiation sowces pass through the ohoppCT. The placement 
of the radiation sources, the placement of the center of rotation of the chopper, and 
the number of f^ertures affect the relative timing of the pulses for each radiation 
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source. Certain of these embo^meats can have four apertures and two radiation 
sdoirces^laced sjmmetrically around the c^terof rotation such that Reinitiation 
of eacli . pulse is concurrent for both mtrance ports. Electro-optica} shutteis» 
including by way of exainple only, IXI!Ds, maybe used in place of the chopper 
5 wheel to achieve sinular results and add independ^t initiation of pulses mid/or 
pulse profiling. 

Itcanbe readily appredatedthata c1k>pp^ or an electro^ptic^ 
can be designed to provide any desired pattern of pulses. For example in one 
smts of embodiments^ a circular disk having transparent areas arrangedim arcs 
10 around the ^skcanbeiised in situations mwMch it is desired to 

pattern of pulses. It can be ^preciatedthatflie arc length of a transparent ace» and 

the rotation ^eed can detCTDoine die duration and fi-equeney of pulses. However, 

bypnmdinstimsparentareasof differtngw exainple^^onehaviog 
a r^tively long arc length, and anottier havmg a relatively shorter arc l^ig&, a 
:::::: 15 pattemoflong and short pulses can be provitol It can also be ^predated ftat 

providing traiisparent areas that are equidistantly arrayed aboutthed^ 
apulsefiequenir/ that is substantially constant. However, by providing transparent 
areas of differing distances fix)m one anothCT, one can select the pattern of r^ 
pulses. 

20 A pulse can have an abn^t onsrt or a ramped onset By providing 

transparent areas that have a clean, or **sharp** edge, the onset of a pulse can be 
abrupt However, by providing a wedge-shaped slot, or alternatively, a gradient 
transition between opaque and tra^ 

vmed Moreover, in J^ese embodim^t^ one can appreciate that providing a 

:r. : :25"" 

parts 6^^^^ dixty cycle. Although different pulse patterns are desoibed for 
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One or more sensors may be added to monitcn: fbe begmning of radiation 
pulses andfittctionaUiyof theillnmitiationsection. Maay devices andmethods are 
available to d^ermine the start time of a pnlse^ For example^ a fiberoptic pickoff 
maybemoimtedixescttothew^v^guid Ouitput of tibis pickoff may 

5 be used to monitor the wavelength and inteiidty of fixe radiation passing trough 
the illmnination section when coupled to qypropriate s^isors. The output may be 
passed through a narrbwrpass filter to initialize a lefereoce position or confirm fiie 
positional repeatability of the system. Anoth^ exanq>le is a sensor to determine 
tiie location of the chopper ^i^tures rdative to the entrance ports. Pulse rate can 

10 be adjusted by the chopper motorcontroll^ circuitry based on output of an encoder 
integral with the chopper motor. The accuracy of the radiation piilse rate can 
dqpend upon the control circuitry and may have differoit ranges of acceptable 
accuracy for diJBferent applications. 

In one series of embodiments of devices include a radiation source, filters 

1 5 and an optical systeoi to deliver fiie filtered radiation to a waveguide, such as a 
fiberoptic elemi^t Multiple radiation sources can be combined in the fiberoptic 
cablesystemanddelivoredtooiieormiOteradiationdeUv^ports. Theroutingof 
fibers determines the proportion of each wavelengfli at eadi delivoy port 

20 D Multiple Beam fflnmtnators 

Devices of this invention can utilize two ormore radiation sources that may 
be ofthe same or dififerent types. Typical radiation sources include incandescent 
himps, arc lan^» and strobe lamps for systems that are intended to provide 
selectable wavelCTtgtiis. Kanow spectrum devices^ sudi as lasers orLED's, may 
25 also be used when tiie bandwidth dispersion is desirably narrow. Gas discharge 
lanq)s can have several wavel^gtbs tbat are emitted which may also be usefiil, 
such as combining UV radiation with visible and/or infrared radiation. 

A radiation source optical system may b e as single as a mirrored reflector 
behind the radiation source which can focus the radiation beam onto the 
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waveguide. Additional optics may be incorporated as desired for flie particular 
illumination syst«n* For example^ abroad area source^ such as a strobe, may use 
a collecting or collimating lens system betwera the source and the filtw. The 
charactmstics of the radisdion source reflector may affect the operation of the 
5 system. For example, a rdSector may be used which allows a highpn>p€»tion of 
the inftared (heat) emitted by the radiation source to be transmitted away from the 
filttf and waveguide 

E Wavegiiide/F0>er-Opffc Cable Assembly 

10 Wavegmdes or fiberoptic cable assemblies can consist of multiple entry 

ports and one or more eodt ports. Routing of the fibers can det^mine the 
proportion of ra^fiationfiom each OTitry port to each exit por^ The material of the 
waveguides or optical fibers is selected to permit passage of th© desired 
waveleaigtiis. For example, glass fibers may be used for visible and infirared 

15 radiation (400-1 OOOmn) while oth« materials, such as quartz fibeis may be 
selectedforultravioletradiationC200-400nm). Many Configurations andmaterials, 
including liquids, are pos^le. In certain embodiment$, there can be two mtraQce 
ports and two exit ports. The fibeis can be routed to p-ovide on^half of the 
radiationfiomeachentranceporttobedirectedtoeachexitport This arrangement 

20 can provide the user with two radiation soxirces witii sfanilar multi-wavelengfli 
output 

Jn othOT embodimqpts, altemate fibw routing configurations may be used 
to provide dififerCTt ratios of ii^itf^ to ou^ut For examgple, a tiiitd entrance port 
mayhavearadiatiOBfioraceti3atdoesnotutili2»afiltas^ This illumination 
25 section may provide output fix>m a simple lamp to provide g.eii^ illumination or 
may provide a sourceofxiltraviolet radiation that can pass directlyintotiie entrance 

port of fhe waveguide ^witb fittle attenuation. 

The ou^utbeam of electix>magn6tic radiation can be pcavLded in a numb^ 
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pncular, oblong, annular, or other desired slu^e. By azmiging waveguides in any 
- of fhe above configoralions, a desired beam can be provided. Randomizing the 
waiv^;uides can provide an output beam m which &e di£for^ wavelengths and/or 
5 bandwidths are distributedrandomly within thearea of theou^t beam, ^desiisd, 
a defined army of wavelengths and/or bandwidlhs can be provided by maintaining 
i^d^^redornon-randOm arrangement of fibera< i^pix>'id 
diSerent beams can be s^arately directed at different desired locations. 

XO F Analysis of Temporal Data and Therapeutic Responses 

Analysis of spectral and timing data from iUinninators of this invention can 
be performed usingacomputerandasoftwarepackage,«ifeerdesignedspecifically 

for tiie purpose, or using commercially available software. A data filter in a 
conuneidal application including joint time frequency analysis usmgFast Fourier 

15 Transfbnn "FFT* as well as oflier deconvohition methods can permit correlation 
of spectral and time related data (pulse or chop) and physiological effects of 
electromagnetic radiation. In certain embodiments, measurements mvohre 
tnonitoringaradiatl^msigttalusingthechoppworelectro-oplical starts ejqwse 
a part of a subject's body to radiation of a known wavelengfli, bandwidth, pulse 

20 width* intensity, and pulse ficquency. Simultaneously or at intervals, one can 
momtor^ectsofsuchradiationusin&fbrexanqdei the surfiice Electro Myogram 
(se4G), electroencephalogram (EEG), evoked responses and the like. An analog 
inpxA from amomtoring device and/or fiomalight source can be providedinto flie 
casapatet, and tiie phase and fivqpiency domahi of fli© signal relative to outputof 

25 chopper signal can be detecminedusing,^forex:attqpleLabView"^ software. This 
can be used to determine the signal strength and ^e transit time for thesignal to 
travel to the sensor is. The ^em consists of a chopper, which can be run at a 
frequency of about 1 Hertz (Hz) to about 1000 Hz. ii alternative embodhnents, the 
diapp& can operate at a firequency of b^een about 1 Hz and about 500 Hz, and 
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in stiU other rarbodimesits fiom about 5 Hz ta about 100 Ifz. Using pulsed 
illumination^ a system can detect the presence of signal and Hie phase dififerences 
betweenremotefocationsonthebody. TMscanpenmtcoicparison of transmission 
capability through excitable tissues, such as nerves, muscles, and comiective 
5 tissues, in conditions such as, for exan^le, diabetic neuropalhy and o&er nervous 
disorders, espedally disorders of the sp^^^ 

be obtained by studying subjects without specific disoid^, or by studymg 
unaffected orgpn and tissues of normal subjects. 
Additicxoally; by com]^^ 

10 obtained fiom subjects havix^ specific disoide3:s of excitable tissues and organs, 
in^proved diagnosis of those conditions can be provided. Additionally^ by 
monitoring a subject's refuses to electromagnetic radiation therapy oy^ time^ 
improved evaluatioii dFtheptogression and/(»r treatment of ftosedisotdm can be 
provided. AddittomEd discussion of specific disordets of excitable tissues is 

15 provided in the U.S. Provisional Patent Application titled: '*Thar^eutic Methods 
Using Electromagnetic Radiation," Constaii.ce Haba:» D.C.» and ABm Gardiner, 
P.B., invmtors, filed June 26» 2001, incorporated h^in fully by reference. 

G Use of Multiple Beams of Elecfromag^etie Radiation 
20 One cm use dififerent beams of radiation to achieve a desired thenqpeutic 

aim. In some embodiments, the beams can have the same or different relative 

polarization^ ^ Foe example, one can repose a proximal portion of a n^ve to 
radiationhavingrelativdyMgher intensity than amore distalportion, or viceVersa. 
25 Electroniagnetic radiation can beprovidedcontumously, or in short bursts, tem 
^^ulses**, having known as firegiiencies or duty <^cles. Pulses can be varied 

indq>endentityvaiy.&epulse irate and Th^fore^it .canbe 

advantageous to provide s^arate control over eadi of the above-identified 
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variables, includm^ 

variation, pulse duration, intensity, and the like. Ja certain embodiments, control 
over the ebove variables can pecmit a praotition^ to ^'entrain" dififi^rent 
physiological responses, thereby inqm>ving the efficacy of therapy* 

S It can be desirable to expose nerves to localized or "focal'' beam of 

radiation. In other ^bodiments, it can be desirable to use beams of radiation that 
have different shines, uicliidin& circular, annular, rectangular, triangidar, linear 
and the like. Devices for producing such varied beams are disclosed in U.S. 
Provisional Patent Application titled: ^Multiple Wavelength lOuminatoi^, Allan 

10 Gardiner et at, invrntors, filed concurrently, heretnmcorporated fuUy by reference. 

In certain embodiments of this invention, it canbe desirable to treat anerve 
across or along the uctvo distribution by moving the location of exposure. One can 
begin at a proximal portion of a nerve distribution and move the site of exposure 
more distally, or altraiatively b^in at a more distal site and move the site of 

15 exposure more proximally- hi other embodiments, it can be desirable to expose a 
plurality of sites along a n^e distribution. For example, one can expose die 
proximal most point (spinal exit) of flie arm, anoth«- site in the inteitiibital fossa 
to expose the median n^eoftiie arm, and then a more distal ate i^ If 
desired, one can progressively move the site of exposure between proximal and 

20 inore distal sites to treat anerve along a larger portion of ttsdistribntioa Mother 
embodiments, it can be desirable to treat multiple sites simultaneousdiy* 

The nervous system includes distributions of nerves to each side of the 
body. However, nwve distribution to one side of &e tXKfer can arise fiom both 
sides of the nervous system. T^cally,^ somatic innervation arises Sxm the 

25 opposite, or contralateral, side of flie nervous system. Thus, hmervationof ttie 1^ 
side of tiie body can arise fix^m the right side of tiie brain or spinal conl Thus, 
afiEecting one side of the body can affect sites on the contralateral sideof the body. 
Additionally, affecting one side can affect sites on the same (**q)silateral*') side of 
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^t>ody. Thus, m certain embodimei^ 

sid^ tiieolliffside^orbothades ofthebodytoaiMeveade$iTedtherq>eaficf^^ 

The amoimt of electromagnetic Tadiadon reaching a tissue can dep^d on 
the wavelength of &e radiation^ the d^th of the site to be affected and the q;^acity 

5 of overlying tissues to the wavel^ag^h used. Thus, to expose a proximal pordon 
of a nerve, yOim it exits the spinal colimm^ may require higher absolute intensity 
tiian that required to stimulate a more distal p(Htton of the same nerve that is 
located near the skin. Moreova:^ electromagnetic radiation having long^ 
wavelengtibs, inge^tierai, canpenetrate more deqply into a tissue than can radiation 

10 having shortea: wavelengths. Thus, if the wavelength of radiation used is not 
critical it can be desirable to use longer wavelengths to treat deeper strtictures. 
HoweV!^«'in ceit$un embodiments, it can be desirable to expose deep structures to 
reWvety (Ssh^ wavelengHw, and in theise situatEons^ it can be desirable to use 
hi^h«ibDd«Qsl^ra<^tion to provide ad^^ It can also be 

15 desired to vay the intensity of radiation of each of two or more wavelengths to 
achieve desired therapeutic end points* 

n Principles of Actfvify of Excitable Tissues 

Althou^ the medianisms for thenqpeutic effects of electromagnetic 

20 radiation are not Imowtt with certain^, one hypothesis is that electromagnetic 
radiation can a£fect nerves, muscles, or structures that can conduct elect|;ical 
charges, including t^dons^Ugament^exlracelfail^ According 
to an hypotfie^ as d^cribed and applied to nerves, electiomagnetic radiation of 
certainwxm:leagSl^.inay 

25 activity of tiienerve, X>€pendlng on the nerve or other type ofexdtahle tissue, the 

type of ncnirotEdDS^ 

waveleng& o^ used, the absorbed energy can either activate or inhibit 

action of those tissue. Moreover^ medianlsms for activation and inhibition of 
nerves and mtis^les by electromagnetic 



29 



WQ 0!3/00218jS : PCTAJS02/20131 



Accoiding toone theoiyi Vi^en electromagnetic radiation is absoi^^ 
fiom. that radiation may be manifested by an alteration of one or more of the 
fimdamental mechanisnis that imderlie the function of a nerve or nerve cell, a 
muscle or muscle celi» or other excitable cell or tissue. Because an excitable tissue 

5 lypicaUy exists within a conductive medium, such as extracellular flm 

events can be propagated to sites distant from ttsStte. Additionally, the 
electrical and/or ionic state of tiie medium can a£fect the responsiveness of an 
excitable tissue. Thus, according to tiiis hypothesisi electrianagnetic radiation can 
affect excitable tissues via direct action locally, or via indirect action on the state 

10 oftiiesiuxounding tissues and/or medium. 

Motorneryescanregulatethefimctions of effectororgans, suchasmuscles, 

exocrine and endocrine secretory cells and the like. Motor nerves can arise in tiie 
central nervous system in the brain, spinal cord, or periphCTal ganglia. Sensory 
nerves can monitor the states of an organ, tissue or ceU. When activated, sensory 
1 5 nerves can mediate and transmit sensations of pain, kinesthesia (body poatitm and 
motion), and can participate in numerous reflexes, inchxding postural and 
autonomic reflexes. Synq>tonjs of many disorders inchide pain as a prominent 
feature. Thus, on© aim of electromagnetic radiation tiien^y is in the reduction in 
pain throu^ alterations in the flmction of sensoiy nerves.or other structures that 

20 ' ew affect sensory nerve fimotion. 

SensoiyiieryesalsocanassistiacQntrplofslc«letalnruscles. Forexample, 
within dceletal muscle ibersi smaaer spedaMzed museles cxist, known as gamma 
fibeis. Gamma-fibKB include a specialized st»tch receptor fliat is sensitive to the 
overall leogfliofagamma fiber. Whentiiegammafiberisstretdied,anassodated 

25 gamma-sensory neuron can transmit a sign^ to tiie spinal cord, to a primary (or 
"a^ha'O motor neuron innervftting that muscle, ihcteased activity in a sensory 
gamma-neuron can stimulate the tdpha motor neuron to activate the muscle, 
; eat^^ to counteractllie stretdi placed on 

the musde. This ''steeteh re^ in postural muscles, and is a 
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pitmiixifiiit mechanism rosponsibte for maintaining proper mnscle tcxoe around a ; 
joint such as shouldor, v^ebiae or Hp^ and thereby maintain posture. 

motor neurons that innervate the g9xnma muscle^^^^ 
5 When a gamma-motor neuron is activate^ 

muscle fiber, ^ortening the gamma fib^ and decreasing th0 amount of stretch of :.. 
that jSber and thereby decreasing the stimulatf on of the gwmiasei^ Thus^ 
whoa the gamma muscle fiber is shor^ the gamma reflex mechanism is relattvely ::: 
ins^isitive to stretcl^ and when theganm^ 
10 neunmisrelatively stretched^ the reflexmechani^^ : 
stretch. Thus, the ganomaiafiber^ the ganmia stretch receptor, and t^^ 
neuron comprise a ^gamma loop^ that aids In niaintaining posture throu^ ttis • 
stietdi reflex. 

Alterations in the relationsbq)S b^em gamma-loops and the skeletal 
:: :1S:: muscle in which they exist can lead to abnomialitles of posture^ and to pain. : 
According to one hypothed^ an iml^alance between: the$gammarloops and tfa^ 
normal, voluntary control of skeletal museleoan lead to muscle spasnai pabEi^ ai^ 
other symptoms. 

Sensoryandmotornervescaninteractwitheachotherthroughlessspecific 
20. interactions, involving additional levels of neural integration» through brain 
structures such as the hypothalamus thalamus, reticular activa^^ 
ca:iebrum and others. 

Thus, in certain embocBmenisof Ibis invention, one goal of thesapy with 
electronia^etic radiation is restoration of nonn^ 
25 difierentaspects of &e nervous systemandthemiisculature The description that : 
follows is intended to illiistrate some of ^ principles of physic>lQgy of ex(^i^ 
tissues,^ using nerves as an exaDa|>le.. The descr^tions are not intepded toibc;:: 
oonq>rdi^»sive. Further disc^ 
transmitters tibtat am involvedinnei^^ 
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TK«PliflTm»''^^"gical BasifiofTha^i€aitics.>BpfliEdition. McGrawHill. 
1996, incorporated brarem fully by reference. 

A Neuronal iPhysiology 

S Physiological mechanisms that underlie neuronal function have been 

subject of numerous studies fbr many yeats. Neuronal fimction can be altered by 
affecting the concentrations of ions inside and out^de celts, the conductance of 
the nerve to those ions, Iherelease of neurotransmitter^ the sensitivities of neurons 
to those transmittas, or other fectors. TVpical^y. a* rest, nerve cells ("neurons^ 

10 and muscle ceHs C*myocytes^ can have a net native diarge in ttdr interiors, 
relative to the outside, or "extracellulai" milieu. Neurons typicaUy have positive 
diarges in the foam of positively charged potassium C*K.*") ions and negative 
chloride ("Ct") within the cdl. hi contrast, the extracellular milieu comprises a 
positively charged sodium ("Na*") ions and negatively charged Ct ions. The 

15 concentration ofi;:^ ion$ in the extracellular space typically is lowerthanlhat in the 
intracellular miEeu, and Ka* ion concentrations witiun neurons is ^ically lower 
tiianthatintiieouJsidemiUea Thus, thereis a concentration gradient fiwNa^ftom 
the outside of the cell to tiie inside, whidi, if the membrane were permeable to Na+ 
ions, woidd result in the flow of Na* inta the celL Shnilarly, there is a 

20 concentrationgradientf6rlCions,fi»mtiieinsideoftheceUtotiieontside, whidi 
if the membrane were permeable to ions, would result in the flow of ions 
outside the cell. Under resting conditions, however, thepeninedwlily of neuronal 
ceU membranes to ions is not the same as the permeability of the neuronal 
' membrane to Na+ Rather, on average, leaves the cell more easily than Na* 

25 enters the cell, resulting ma net decrease hi intrtu»ltalaf positive <*ais^ This 
results in a negative or "resting potential" or voltage difference from tiie inside of 
a cell to the outside of the ceU. Cells that typicaUy can have negative restmg 
. potentials include neurons, muscle cells and many glandular cells. This resting 

state is turned *^larization." 
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Activation of nerves, muscles, andinsomecas^^j^dularcel^caafe^ 
from an alteration in the flow of ions across llie cell membiane. For example, 
mechanical stimulation of most nerves can produce^^ a^^^ 

intracellular potential. This process is termed "dq)olari2ation.** If the increase in 
5 potential is sufQdently larg^ the membrane potential can reach a **fhreshold" 
voltage, at which Na+ ion channels can open, permitting Na4* ions to flow into the 
cell^ furtlier inCTeasing the intraceUiito voltage. In nerves and muscle cells, this 
process is termed an "action potential/* Action potentials are important 
meclianisms for nerve transmission C*neurotransmission'^. Similaily, in many 
1 0 types of muscle cells, including cardidc and skeletal muscles^ action potmtids can 
pr<idliee changes in calcium C*Ca+^0 ion movements and activation of the muscle ; 
fibers, causing contraction^ 

It can be BpptedBbsd iSiat changinig: the ionic con]q[>ositicm of the 
extracellular milieu can alter Ihe gradients of ions across^ a cdtular membrane:. 
IS Thus, by increasing the concentration of Na+ ions in the^ctracelixilar mtlieii, the 
gradient for Na+ can increase. Then, if Na+ channels op0n, more Nart- is avaiyble 
to enter the cell, th^by inoieasing the amount of positively chsogedions within; 
the celL Similarlyv alterations in concentrations of other lon$ in the extraceUulaf 
milieu can aher the movem«t of fiiose ions into and/or out if cells. According to 
20 this hypothesis^ because most parts of tile body are in electrical contact with each 
othor, via electrically conducting fluids containing ions, alteration in ttte electrical 
and/orioiuc state of one tissue can affect the electri 

tissue. Thus, electroma^etic radiation can have numefOti^ effects on excitable 
tissues at the 8ite(s) of absorption of the radiation ,and at sites remote fiom the 
25 site(s) of absorption. 
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B Synapses and Neurotransmitters 

Activatioa of anorve or muscle can be initiated by the secretion of specific 
: c^enucals, herein tem 

and a mnscle cell. One type of junction belwdCTi nerve cells is termed a "syn^se" 
5 and a coitesponding ^e of junction between a n^e and a muscle cells is termed 

a *iieuj:Dmuscular junction." Conduction of electrical activity between cdls across 

syilapsi^^ the secretion of one 

or more neun^transnutters by one ceU and the attac^^ 

onto specific receptors within the membrane of the neighboring celi Binding of 
10 neurotransmitter can either cause depolarization of a cell m^brane, or 
alternatively can further polarize Ihe cell membrane. Dq>olarizing 
neurotransmitters include acetylcholine, ("Ach**) which is a widely distributed 
transmitter in cholinergic nerves. Many neurons are sensitive to the 
neurotransmitter acetylcholine CAch**), which is responsible for many 
15 neurophysiological phenomena, including conftaction of voluntary muscles and 
many central nervous functions, including ganglionic transmission and cerebral 
transmission* 

Other nerve types include the adrenergicnerves, which can use qpinephrine 
(adrenalin, **BPr% Uor-epinephrine C^NFO^ serotonin, dopamine CT)A'') and a 
20 mmiberofotherohenncal transmitters knownin the art, Dependixig on the nerve 
location* the transmitter and the types of receptors involved, a nerve maybe either 
unaffected, polarized or depolarized. By way ofillustration, a resting or polarized 
nerve^require acertamdegreeof depolarizationtobec^ 
an acti<m potential. If a neurotransmittff further polaiizea the nerve, re^ 
25 a*liyperpolarized'' state, it may require more of the depolarize 

to cause an action potential in that nerve. Conversely, if a second type of 
depolarizing transmitter is p of the first 4qE)Qlari^^ 

transmitter is needed to cause the nerve to exhibit an action potential;: illttis, 
inhibition of nerve action canbeby way of hyperpolarization, whereas hei^taied 
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nervous sendti^ty can be caused: eifi^ 

systemiixnmaUy invoh^ orlTy increased reie00ij0^ 

different, depolarizing neurotransmitter. These opposing effects of poliiiili 
and dq>olarization areimportantmedianisms involved in manntenance of m^ro^ 
: :: ::5i:v function, or *liomeostasis/'^ 



C Antonomlc Nervous Systems 
Many bodily fimc^oiis are modulated by bra^ 
known as the ^autonomic*' nervous systems. Autonomic nervous syst^ois can 
10 regulate gastrointestinal function, blood pressure, blood flow, body ten^erature 
control andnimieioitsotherprocK^ Autonomicnervous^^en^ canbepresent 
in an organ or tissue as tv^o (or more) systems opmting independently, 
cooperatively in opposition^ For exaniple^ in the gastrointestinal 

tract, the cholin^c autonomic nervous system (geoecally, the'^arasympadietic^ 
15 nervous system) can stimulate g smoothmuscles flm>ugh the release 

* of acetyldioline, i^ch in those tissues,^ can act on a type of cholinergic receptor 
known as^*muscarinic rec^tois/^ Stu^ of muscannicrec^tojcs can lead to 
decreased heart r^^ increased gastroiiitesta^ mottlitTi and otibier effects* In 
contrast, acetjddioline acting througli another type of cholinergic receptor, &e 
20 *%ic(rtinicrecq>tor6*' is involved in autonomic gan^<mn^ 

Another branch of the autonomic nervous system is &e **sympathed^ 
nervous system. In tlie gastrointestinal the syn^alheticndrvbus^ystem can 
inhibit the smooth mi^scle contraction caused by activatim of parasympathetic 
nerves. Synqpa:Qietic nerves characteristically use diemicals known as 
25 catecholainines or other monoain^ neurotransmitt^. Well-known 
catecholamines, include epineplaine and norepinephrine. Bpinephxine and 
norej>me|ih£me can-i^^^^^ adreneigic receptor types, termed **alph»r 

adren receptors. Activation of alpha^ulrenergic 

:recep£^ of vascular snuxtth muscle, causing blood vessel 
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naxrowing and leadiiig to increased blood pressure and/or decreased blood flow 
through that vesseL In contrast, activation ofbeta-adrenearg^c receptors can lead to 
relaxation of blood vessel' smooth muscle, which, in turn can lead to decreased 
blood pressure and/or increa^ blood flow. Activation of betaradrenargic: 
5 receptors in the heart can increase pulse rate and force of cardiac contraction, ; 
effecte which can lead to increased blood flow. 

Noiepinephrine can cause contraction of blood vessel smooth muscle, 
resulting in decrease in blood vessel diameter. In arteries, decreased vessel 
diameter can lead to increased blood pressure^ decreased blood flow, or both* Li 
10 veins, blood vesselcontractfoncanlead to increased cardiac iiq>ut, whichcan result 
in increased cardiac ou^ut wsd increased systemic blood flow. In contrast, 
acetylcholine acting via muscarinic receptors, can relax blood vessel smooth 
muscle cells» and can result in decreased blood pressure and/or increased blood 
flow. Activation of muscarinic recq>tors in the sino-atrial node of the heart can 
15 le^ to decreased heart rate. Thus, the adrenergic and cholinergic systems 
(sympathetic aiid parasympathetic) can, in certainsituations,te^ 
anotiher, leading to opposing influences on end oi:gans innervated by both types of 
neurons. 

20 . P . Neurotransmitter Receptors 

Within the same, branch of the autonomic nervous system, different 
receptors and transmitters can exert competing or opposing effects. For sample, 
norepinephrine, an adrenergic transmitter, is a potent stimidator of the adrenergic 
lec^tor type known as "aljAaradrenerg^c*' receptors- In contrast, norqnnephrine 

25 IS a wlatiyely weak stimutotor of *1)eta-8drenergic'' receptors. Unlike 
noi^inephiine, epineplaine (also known as adrmalin), at low conc«trations, is 
^ amorepotent stimulator ofbeta-adroaergic receptors than it is of alpha-adrenergic 
receptors. Thus, epinephrine in low concentrations can cause vasodilation, can 
decrease blood pressure, and can increase blood flow. At big^ concentrations, 
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Qnbeta-^kStenei:sic rec^ 
•canleadto^inCTeased^bloodpressure/-;:", 

5 E Pepiidergle Imtervatf on 

additioato the diolinetgic and adrenetgic systems, other types of nerves 
use peptides or amino acids as neurotransmitters. A examples of a pq>tide 
transmitter is substance?, C"SP*0 amemberof the 'Hachyk^ 
SP is a transmitter of psunfiil stimuli, and is one of the chemicals released by the 

10 active agCTi of red peppers^ ciq>saicin. Other taic^;]^diiins include neu^^ 

and B. Other ^es of p^tidei^c berves use edkepfaalins, endoiphins, vasoactive 
intestinal peptide ('^VIP^') somatostatin, calcitonin gene-related pqptid^ gastnn 
releasing peptide, mid numerous other peptides known itt the art. As with the 
syn^aiheticandp^asympa^etic nervous systems, peptide-containingnervesmay 

15 have opposing^or synergistic actions wilJj those of othe^^ 
sympaflietic and/or parasympathetic nerves. 

In thespinai cord, painfidtransmissioiiislhous^ttobe mediated 
afierentnenres that use substance P (SP) as aneuiotransniitter. In certain locations 
within the fipinal eoidi other nervesi us^ 

20 endoiphiiis, can interact mth the afiferent pain nerve^^ Enkq)halinscande<3:ease 
the activity of sensory pain nerves, and therefore, represents one physiolo^cal 
mediamsmfbrreduction in pain, (also tmne^ analgesia). 

F Somatfe Innervation 

25 In addition to autonomic nerves, "somatic" nervous system iaresponsible 

for such effects as voluntary confr^^ 

typically can be present in a segmental pattern, that is each portion of the bodyis 
umarvated by nerves arising fi^ 

•as^^ 
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typieaUy by way of ^ writing the vertebral colunm in hi^ vertebrae, 

sucb as neck (**cervical*^ or chest (**thoracic'*) vertebrae. Lower portions of the 
body^ sudi as the 1^ are typically innervated by nerves exiting the spinal column 
in low^ thoTaci<^ lumbar or sacral areas. 
S One common source of aim, back or leg pain can be due to mechanical 

compression of the spinal sensory nerves. For ex^onple, if a lower spinal nerve is 
ex|k>sed to presstti^ example, in sdatica. 

Another som'Ce of di$o)E4ers can be presswre exerted on motor (also known as 
**efiferenr) nerves. Conoqpression of sympattietic efi^nt nerves can lead to 
10 disorders of blood flow. Compression of somatic nerves can lead to weakness or 
even paralysis* 

G Activation of Nerves 

Nerves can^ically be activated by mechanical or cheimcal stimuli. Even 
15 nervw that actpriJtxariiy as chemical sensors Cchemorecq)tors*') can be activated 
by mechanical stiiimldtion^ such as pressure^ Activation of nerves under normal 
physiological situations ^ically can involve the stimulation of areas of the nerve 
tenned **dendiites^*J Vfbm so stmiulated, m alteration in a neuron's resting 
potential can occur, resulting in dqpolaiizatioiL When depolarization becomes 
' 20 . sufiSctqafly l^rge, a cettain voltag9.thr^old can be readied and an **action 
potoatial" can be initiated* either within the dendrites, in the neuronal cell body 
(ajso kuovm m the **soi»a**) or in an axon. An action potential can be propagated 
along an **axorf^ which in motor nerves to voluntary muscles, can be 1 meter or 
more in leugtfau Thus, activity of a neuron in one location can be reflected in 
25 activity atremotelooatiodswithinfliedistribution of tiiat Typically, a single 
chemical stimuhis, such as that caused by a single neurotransmitter molecule, is 
insufificimit to cause an action potential. Rather, itmaybenecessaryfor a number 
of receptors to bestunulated to cause sufficient depolarization to produce an action 
potential. 
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It can also be iqppreciatedlbatmany portiomof anerveceU canx^^ 
depotarizatioiu For eitample^ medumical or electiical stimulatioax>f an axoncan: 
result in an aetion potential 

diiection towards the soma and anotha: toward the distal portions of ttie newon. 
5 M situations in which an action potential initiated in an axon invades a 

electrophysiological state of &e soma can be changed. If a soma becomes 
depolarized; less dendritic stinitdus may be required to ini 
and the nerve can be stboaulated rel^ 

becomes byperpolaxized, then it can become less sensitive to stimulation and can 
10 be inhibited. 

Once an action potential has oqcuijed, many neurons, become un4>lf ^^^^^ 
generate an action potential for a period thereafter C*reficactory period*^. During 
tiie refractory period, the nerve may not respond to stimulation. 

The multiplicity of nerve types, neurotransmitter fypes^ andreoq>to|i^i0^': 
15 and the differing effects of activating fliose receptors can have inq>licadons in 
health and disease. Thus, unbalanced or unopposed action by any of the above- 
described nerve, neurotransmitter, orreceptor types nmyleadtospecijQcdisorders. 
For example, causes of migraine headaches include imopposed vasodilation of 
certain blood vessels which can lead to increased pressure on sensitive nerves, 
20 leading to pain£W sensationSi <^ 

decreased perfusion, local acidosis, and pain associated wifli acidosis. If the 
vasoconstriction is suflBciently sever, loss of tissue fimc 

cases, decreasedperfusionof a portion of the central nervous system can lead to: 
strokes or other d;^toictions. 
25 Many tissues and organs can be influaiced by nniltrple nerve ^es 

described abdvewl^ 
narves that inner/ate mnscte^ 

influenced by autonomic sensoty and/or motor nerves. Hius, an organ ortl^e c^n 
be influenced by multiple^^fpes of nerves^ neuiotra 
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teoeptots. Jn certain situatioiis, diffo:^ nerves, transmitters, and/or recq>tors can 
coimtCTactthe effects of others, resulting ininbibition of nervous ftmction, whereas , 
' in other situations, one mechanism can increase <fae fimction of another, resulting 
in activ^on. Hxerefore, imiuoper balance hetvrtm dijEParent inhibitory and 
5 g tiwitlaf/iiy medianisms, can, according to one hypothesis, lead to symptoms and 
disease. 

H Nerve-Nerve Interaction ' 
Ihadditionto nerves having diffeient effects on end organs, differentnerv^ 
10 can have influences on eadi other. By way of illustEation, Figures la - Id dq)ict 
two different nerves, called "A" and "B'\ impinge on another nerve ("C). In 
Figure la, nerves A and BeacfcaffectnerveC. Norve A releases a transmitter that 
stimulates (+) a^e C, andnerve B releases a transmitter that inhibits (-) nerve C. 
Activati<Mi of nerve A by itself can lead to activation of nerve C. Activation of 
.15 nerve B byitsdf does not activate UMve C. However, stimulationof nerves A and 
Btogethermaytesult in eitiier activation or no activation, depending on the relative 

e£5.cacy of nerves A and B on nerve C* 

Figure lb dqjicts asrtuationinwhiditheneurotransmitter for nerve Acan 
stimulate nerve C and can inhibit the release of transmitter ftom nerve B. Jn this 

20 situation, activation of nerves A and B can result in activation of nerve C. Figure 
10 depicts a dtoatiott in whidi the transmitter of nerve B stimulatesthe release of 
transmitter fiom nerve A Thus, activation of nerves A and B together can result 
in mot© of the transmitter bedng released from nerve A than can be released in 
response to stimulation of nerve A alone. Figure Id depicts a situation in which 

25 nerveAstimulatesreleaseoftransinitterfiomiierveB.andnerveBinhibitsrelease 
of transmitter from nerve A, Activation of nerve A promotes the release of 
transmitter fiom nave B, ^ch inhibits transmitter release fiom nerve A Thus, 
activation of botiinerves A and B will result in a predominant effect of nerve B, 
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because retei^e of 

Figure le depicts a situation in: whic3i A and B each inhibit 

tmjstmtter -1^^ 
:ofnej?ve®^:a^ 
nerve IS -ac^aied-- 

pronounced; Simultaneous activation of bol^^^^ 
butoonie that dq>endsi5)on the re^ 

nerves and on nerve C This type of mutual iiMbitios..^ characterizes 



: : : For:i^iB^ 

nerves to decrease the ^ i^^^ jujreaiecgio n<©^ 

nor!^inq>hrina Conveisely^ under certaincircumstances^norqpin^hriner^ 

15 by adrener^c nerves can decrease tiie release of aceiylchofine fix>m cboHnergic 
nerves. If there is a hig^ level of activation oj^ for exanq>le, the adr^ergtc 
systems, then increasing the level of cholinergic activity may fend to decrease the 
effects of the adrenergic stimulation. Similarly, if there is^hi^ level of actividon 
of the cholinergic systems, increasing adrenergic activitymay decrease the e£rect9 

20 of the cholinergic stimulation. 

Figure I f d^icts a situation in which the neuro 
A and B increase the release of another tran^^ 
„ situations, tiie effect on nerve C will be difficuh to predict,, as the effect will 
depend on the magnitudes of the interaction £md on the effects of each transmitter 

25 on nerve C. Moreover, rdtetionshipssudbi as these can also result in the depletion 
of transmitters from nerves A and B, decreasmg their abiUty to respond to stimuli. 

lliesetypes ofneii^ernerv6<or 
of the CTd orgm^M^te^ 
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olher. Abn<Mmal potenttation and/or inhibition of one or more of these levels of 
the DCTVous system can lead to disorders. Although the exactmechanisms maybe 
difGcult to predict in advance, the methods of this invention can permit ia 
phenomenotogical approach to fbexapy, the efficacy of which can be evaluated 
5 separately ftomanyparticularmedianism of action. By focttSiAg on physiological 
r^ponses of. treated organisms, organs, tissues and cells, the practitioner can 
determine the optimum therapeutic apptosxh and can achieve desirable results, 
re^irdless of the exact mechanisms of action of electromagnetic radiation. 

10 m Therapeutic Goals 

Thus, a flietapeutlc goal of certain methods of this invention is tiie 
resfaoation of proper *1)alance" between differeat regulatory medianisms 
responsible for the disorder. Accradingly, one hypothesis to account for the 
beneficial effects of the methods of this invention is that by returning proper 
X5 balance between the diffaent brandies of the autonomic or somatic nervous 
. systems and the tissues innervated, adverse symptoms can be alleviated. For 
example, in adrenergic or sympatiietic overactivity, reducing the activity or •tone" 
of the sympathetic nerves can be benefidaL Similarly, in systems in which botii 
parasympatheticandsympaflieticinDervationis important, sympatheticovecacfivity 
20 can be treated by eitiierdecteasingsynq>aaetic lone or by increasing cholm^^ 
tone. In systems in which adrenergic, diolmergic, peptidergic, secotoneigic, 
dopaminergic, and other nervous mechanisms are present, complex toteractions 
between tiie different mechanisms can be a deUcate balance, a balance fliat can be 
easilyv5)set, causing disorders. Hais, according to this hypotiiesis, one flier^peutic 
25 aim of the metiiods of the present inveutioti is tiie return of tiie various brandies of 
(he nervous systCTi to balance^ 

According to anotho: hypothesis, abnormalities in vascular perfusion can 
leadtodisordersandsymptoms. Fortiiose conditions, vascularhyperperfusion can 
lead to increased temperature, and hypoperfusion can lead to decreased 
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temperature. Thus, in those conditions, a tiiCTapeutic aim is the notmalization of 
blood How. For disorders characterised by hypetperfosion^ ther^eutio aims; 
include decreasing blood flow, and fcH* disorders cdiaract^ized by hypopcxfission^; 
therapeutic aims include increasing blood flow. 
S Tlie above hypo&eses represent only possible mechanisms of action of the 

methods of thisinveiitioni O^ 

effects of electromagnetic radiation then^y, and we do not intend to limit the scope 
of this invention to any particular theory or tiieoiies of operability. - 

Evaluation of the efficacy of therapy with electromagtietic radiation may: 
10 involve in]|>ressions of the patient^ mcludiog the degree of the syn^tom 
experienced, or may be evaluated using one or more of a variety of m^ods 
described bdow. 

IV Methods for Treating Specific Disorders 
15 To treat disorders using tibie methods of this invration, one can vary 

wavelengflb, bandpass, dimdion, intrasity, pulse ftequency, or timeniependent 
changes 03ie^ffl0ire o£these v£aiables to acU^ results^ One beneficial 

pmpose of using variations of tiie above diaracteristics over time is to 
ac(x>mmodate diiTerences in Mdivid^ different stimuli. 

20 Thus^ in^ 

fixed characteristic, the use of variablecharacteristics can provide a desirable level 
of activation or inhibition of the affected portion of the subject's body, thereby 
increasing &e efficacy of treatment and increasing Ihentmibers of subjectsfiiat can 
benefit fipom treatment* 
25 

Headadhes and Stroke 

Certain aspects of this invention involves treating disorders of the iieryous 
system. M certain embodhnents, patients suffering fi!om headaches or strokes can: 
be troated by exposing the occipitalnerve* The occipital nerve exits the basioft^^^ 
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skull at fh© cervical-1 C*C-1") location. Stnnulation is desirably near a midpoint 
between the spinous process and the mastoid region. Tbiirr0gion maybe identical 
to the acupuncture point GB 20. This area is usually tender to palpation, as can be 
the area of the firontalis muscle. H>^eractivity of flie frontalis muscle can be a 
5 significant cause of headadies. Treatmentof the GB 20 region can be e^ecially 
. useful of <3B 20 or the frontalis muscte is unusually tender 1o pa^atton. 

BfQcacy of tceatmeaot can be assessed by sur&ce electromyog^hy 
C'sEMG"), vMch monitors the electrical activity of the steuctures (e.g., muscles 
and nerves) beneath the sldn atthatlocation. In frontalis muscle hyperactivity, Ihe 
10 increased muscular contractions can be detected as increased frequency and 
anq>litttde of electrical potaitials monitored ov^ those locations. 

la many patients, s^Heation of pressure to GB 20 can produce pain 
radiating fromthesub-oa^talregion, inthetransversehemicraniuspaaiiway, over 
the top of the head, and terminating at the inner canthus of the eye, typically at or 
15 below the level of the eyebrow. A portion of the nerve exits the scull at that 
location from a smaU fossa that can be identified by palpation. Thus, 
electromagnetic radiation tiierapy of that point, using any wavelengfli between 
about 200 nm and about 1600 ran can be usefhU as weU as at GB 20 can decrease 
the muscle Interactivity that causes ttie headache paiiL Radiation in tfie orange 
20 range of the visible ^ectrum can be used at the start of thCTE^y. Alternatively, 
yellow radiatioB can be used. In certain embodiments^ mixtures of orange and 
yellow light can provide unproved thers4>eutic e£feca«qr. However, other 
wavelengfh ranges can also be beneficial, inchiding ttiosein the infrared range. 
& certain of fiiese embodimaits, it ean be desirable to provide 
25 electromagnetic radiation at a specific angje relative to the patients head. By: 
applying the beam of radiation at an angle of about 45* cephalad* the total time 
required to treat synq>toms can be substaufially decreased. Af^lylng 
electromagnetic radiation at both sites for a duration of about one (1) minute can 
result in improvemeaut in syn^toms, including in(sea«»d muscle relaxaticHi, 
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patients, palpation of the temporal artery can result in significant discomfort; and 
wifli treatment^ liie sensitivity of the temporalis artery can be si^iificantly 
decreased. 

5 ]n certain embodiments, it can be desirable to use two separated^ dSstinct 

frequencies within the eiectromagnetic spectrum. In these embodiments, one may 
expose a pix>ximal portion of a nerve and a distal portion of the same nerve to 
radiation of different wavelengtiis. In some embodiments, it can be desirable to 
vary the wavelengthof the electromagnetic radiation dtniiigther^q^y. Thus, one can 
10 initiatelheKq^yusingradiationof onewavelengtihi, and then progressively alter the 
wavelengfc. Forexan^le,insituationsinwhich*Velaxati 
one can use radiation in orsmge^ As therapy progresses, one can shift the 
waveletjgth to shorter wavelengths, such as yellow* which can provide a 
"stimulation*' of flie n^rve. AltaoDatively, one can use multiple wavelmgths 
Z '-r"::::: ''":^^^^ simnltaneously; with the ratio of eadibemg selected. For example, oneoanuse 

orange.-yeUow wavelaiglhs in a ratio of about 30:40, to acMeve a desi^ 
between ••relaxation'' and •'stiniulatian*' of the nerve. However, it can be 
j^jpredated that othar ratios of colors may be useful. 

■'■"--"^l Inhibfliott of Hyperactive Nerves: Neuronal Pain 

In situations in wMiAinerve 'Tiyperactivit/* is a source of symptom 
be desin^le to expose that nerve to electrcmagnetic radiation ha\^ 
m the blue region of the visible qjectrunt Additionally, it can be d«5irabJe to 
piovidepulse rates in a range of about 1 Hertz(Hz) to about 1000 Hz. Inaddition, 
; : :: :::2^ incertainembodiments^itcanbedeskabletoejcposethene^^ 

ade of the body* Jt can be desirable to stimulate the site of pain^ or more 
proximally along the distributionof the nervei or alternatively, more di^^ 

In situAtiond in wbich the paia is not responsive to localized treatment, it 

can be d®^^^^®^ *^^^^ 

. . ■ 45 
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colattm» an4 another beam of radiatioii to the top of the spinal cohinm, for example 
at or near CI. In some patients with this type of disorder, thomography can show 
a region of elevated teocqpeiatures, termed a **hyperthermic stripe" sdong the axis of 
tfaespinal column. Exposingthetwoeads of the spinal column to electromagnetic 
5 radiation can result in deareased temperature of the hyperttiermic stripe and can 
decrease the pain. It can also be desirable to apply therapy using small, discrete 
locations, with narrow beam radiation to treat nrarves. Alternatively, to treat 
muscles, it can be desirable to use radiation having wider dimoisions to tre^ a 
wider area of the muscle. 

Treatmoit of Myofascial Syndrome 

Myo&sdal i^drome is Characterized by specific areas of their 
musculoskeletal system that are particularly painM. Many cases of ijoyofagdal 
syndrome arise fiom whiplash, automobUe injuries, fells, siding accidents, stress 

15 trauma, and r^)etitive stress injuries. In many patients having myofascial 
syndrome, usual allopathic presra^tives, includmg ibvproSn and mttsclerelaxants 
have been unsuccessful at alleviating symptoms. In some patients, antid^ressants 
havealsobeen&undtobetmsatisfectoiy. Physicalfherapyuichjdingmassage and 
stretching have also been found to be unsafisfectwy. In some cases, electrical 

20 stimulatioiilberapyhasbeenused, and in some cases, found to be unsatisfactory. 
Additionally, exercise rehabilitation can make symptoms worse. 

One hypothesis to account for myofascial syndrome includes muscle 
hyperactivity. With repeated use, the muscles become contracted and painfid. 
Limited motion can place additional stress on tiie ti^rtened niusculatare and tiie 

25 sphial column, andpaincanbe found betweenthe shouldo-blades (s.caimIae),Tie<*, 
radiating fix>m the head, or pain in tiie lower ba<^. 

Physical examination can reveal taug^it musculature, eitiier focally or 
regionally, and deep palpation results in tenderness. Some of these patiaoits have 
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these patients have no geigeohaulten patterning andno end point rigidilidS. 
Thermal iixiaging iweals deVatedtei)d5>eratOT 

above or near a trigger pouit Ihttie upper body area, such as the upper back, these 
5 points can be located at the mid portion of the iqjper tr^ezius, the levatOT scapula 

toad the rhomboid git)uping. Jn some patients, the hyperthermia is unilaterol, but 

in certain of these cases, the iq^per trapezius on the right and the levator scapula on 

the left will be involved. 

Therapy for these pati^fs is generally to expose the affected muscles to 
10 electromagnetic radiation beginning at the muscl^^ 

to the muscle's inseilions. The 4)eclfic sites to be treated are idoitified by 

palpitati<m, with the trigger points being those most sensitive to palpation and 

result in referred pain. 

Th& wavelengths of radiation include orange first to allevieto the pain. 
15 Next, radiation in the bine range is usefiiU and in certain drcinnstances, purple 

radiation is desirable. Kadiation in the shorter visible range (blue andpurple) can 

result in cooling an area. Ihpdn associated with hyperthennia, cooling can be 

associated with reduction iii pain. 

20 ' . * Example 1 

Treatment of aPatlent Having Myofascial Syndrome and 
Right IxiwerEx^ 

A patient presented lor treatment with a history of right sided» lower 
! extremity pain. Previously, the pafient had visited 16 physicians and had 
undergoneasurgicalprocedureinh^neckinanattempttoaUeviatethepa^^ The 
pmn was focused oin the jdg^t iliac crest region and at the intersection between the 
buttock and die hanjstrii^g muscle grouping, 
lateraUy and then down dlong the te^ 
30 aspect of the leg to the dorsum of tiie foot The patient kq>t her ri^t foot in 
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external rotation. She also had right iliac crest elevation. Her gait had a:I^ 
lurch, in whidx she shifted her wei^ to her left leg and atteo^ted^ i^^ 
right legraJherlhan allow it to move directly ferwaid. 

Thennography indicated a large area (about 4 inches -^Mjak^^ 
5 hyperthermia located oyer flie rigjit gluteus medius and mininiiii^ 

Upon palpation with li^ distal coiiq)ression resulted in immediate rq)hcat3o 
thepain symptom complex. A diagnosis was made of myofasdafis; \^ • 
point wifli a 56t>ne of referred pain* 

Application of electromagnetic radiation in the inflared wavelength range 
10 resulted in substantial aUeviationofpain and her gait became noroiM. With three 
additional treatments, one per day, the patient was discharged in an asyii9>tomatic 
state. 

Treatment of Sympathetic Hyperaclivify 

15 Certain patients present with easily fetigaed muscles. In certain of these 

patiente, one underlying cause can be associated with hyperactivity of the 
sympathetic»«rves imervatinglheblood vessels in the muscle. If the synq)athetic 
nerves are hyperactive, the blood vessels can be in a state of hdj^ened 
contraction, resulting in decreased perfusion of the muscle. With decreased 

20 pCTfusion, fliere can be a lowered supply of nutrients and oxyg^ and a 
concomitant increase in lactic acid and carbon dioxide in the muscle^ leading to 
acidoias. These conditions can contribute to muscle fetigue. Upon exoiion, the 
patient can experience aburiungsensation,whidi, intimecanleadtodsSflmctioiL 
Therraofir^hyoftitese areas typicaUymsh^ 

25 m contrast to tiie areas of hyperthermia assodated with myofascial syndrome. 
Electromagnetic radiation therapy of the muscles can lead to further decreases in 
observed temperature, and may not relieve symptoms. 

la these patients^ it can be d^ 
muscle and not to directty treat the muscle. Ihus, one^^q^ 



wo;03/002ift5 . - : : . pciyu 



• - cKtre^^ 

blood yess 

;^^^^^^^^v the artmwof the legs arise 4om the abdominal aorta, e3q)osingthe 

5 abdominal aorta to radiation can affect more peripheral sites along flie blood : ^ 
vessers distribution, in a fashion in some ways similar to that of the affects of 

One method of treating such patioats is to e?q)ose an a^ 
aorta at a location wheretissuea overlying th^abdoininal aorta are relatively thin. 

'':''T :t kwer partof the sternum. EfBxts of ejqposure <rffl^^ 

^ affected area of the limb; 

by temperature strips, tetiq>eratute sensors, or by Doppte blood flow 

:.iiiefi^^ 

allevial^ those patients i^^^^ 

s^ Xdrnttfication of a sit^<>f^c^^ 

:: : :\ : :a^ AdditionaUy,:in: 
20 some patients, exposure of ike pcpUteal art^ can provide relie£ In some 
::: embodiments, it can be desirable to treat the popliteal artory within the popliteal ; 

fossa;^: - " .•::::./..,.;..y;::;-.;;v^ 



::25:::^^^ radiation. In some of thesei <»S!es^ s^^ 
:: techhiipe^i^ ttie affected lc^ti:o^^^:J^^ 

m pa^ for this ei^t are unc^j^M^ 

tt^telectrom^ 
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VCTouis retuiiL Moreov^j stimulation of autonomic nervres in the veins may result 
in activation of autononoic nexves in the arteries leading to that site. 

Treatmeiito£Tempon>mancUbular joint SyndE^ 
5 Tw«)Qiomandibular joint syndrome CTMT) is a condition chaiacterized 

by con^laints of clicking of the jaw i5>on opening (**crq)itanC€?') , and locali2;ed 
piEun and the head, neck and upper back area* M some pati^ts, 

flie radiation proceeds towards the fiontal, the area of the £ice,' down the jaw and 
into the mouth region. In many patients^ headaches are common, and in some 
10 cases can be severe. Upon palpation, the masseier muscles can be in spasm, along 
widi the temporalis and buccinator groups. Themiography can reveal 
circumscribed regions of hyperfheimia located tow$rd the anterior aspect of the 
jaw. Superficial EMG measurements can be used to directly assess muscular 
activity. I^tentmyospasmcanbedetectedinc^rtainpatientguponslowfyopenin^ 
15 and closing the jaws, by rotating the jaw by translating the jaw forwards and 
backwards, or other motion. If motion is limited, is not smooth, or is 
asymmetrical, flie muscles responsible for &e limited moti^^ 

thearepy. 

Electromagnetic radiation flierapy for patients with hyperthermia can 
20 include a 1 - 2 minute period of eoqposure to a b cam of radiation in the orange or 
yellow wavelengths, followed by wavelengths in the blue region of the spectrum, 
hi situations in which the synqptoms are associated with hypothermia, blue 
radiation can be desirably used M situations in which the affected area is cool ^ 
cold by comparison to normal sites, it can be dearable to treat witti longer 
25 wavelengths, in the infirared/red/scarlet/wange way dength ranges to uk^ 

temperature (and blood flow) to those sites. In those patients with crcpitance, it 
can be desirable to expose the inner aspects of the moutii with radiaticn at sites 
ovar fte affected muscles. Using devices as described in U,S. Provisional Patent 
Application titled: "Dual Wavelength Fiber Optic lUunadnator'', Allan Gardiner, 
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TOventof , ffled con^^ 
iUiiininalion of iim^ 

be beneficial. In some embodiments, it can be useM to ^ply radiation to thej 
origins and insotions of themuscles. In other embodimeate, it can be desirable to 
5 illraninate the befly of flie muscle. Snbsequentiy, if desired, one can have the 
patient clo^e the mouth and e&&ct some compressive force to hold the jaws in a 
closed positioiii^ under tension, treatment can be applied. If 

desired^ on© call 1reirt 'bofli: sides^^^^^^^ 

contralatml side can provide g^^ unilateral treatment. Subsequent 

1 6 palpation, and observation of the patient's jaw motion can reveal which muscles 
and muscle groups are still holding t^ision. 

hi many of these patients, it can be dedrable to take an incremental? 
approach, firstidetitijgdag asig&ificantly spastic muscle and treating that one first. 
Hien, other areas nmy become ^pp2amt as site$ of spasm. Either sunultail^ii^y : 
15 with orsubsequent to treatment of spastic j 

or trigger points can be treated to provide additional reHe£ l^^ site 
ofreferred pain is covered by hair, electromagnetic ther^iyoanbesgpplied through 
the hair. 

hi cCTtein patients, it may be difficult to make a differential diagnosis of 
20 :: referred pain myospasm fix)m myositis. The synqitoms may be nearly the 
same, aiid the physical exaiiiination may b^^^^^ 
temp^ture noay yield dijSfacent r^^ 
cooler tenq>eratuies and myositis showings w 
surrounding norn[ial sites. Because of the dififeienc^^ 
25 . tiien^eulic£q)piDachescanbeindicated. Myospasm canbe advantageously treated 
wilb long wa^el^ngOirad^iation^ si^^ 

myositis can be advantageously treated with shorter waydeng& 
blue. 
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Trigeminal Neuralgia 

Trigeminy neuralgia C'TbTOisacondWoncharacterizedbypainofthef^ 
assodatedwithflie distribution ofthe trigeminal nerve. The pain can be associated 
with a region ofhypathamia located near the ear area, and is usually specific and 

5 circumscribed, hi certain o&er cases, of long duration, there can also be an area 
of hyperjhermiainmiediatelybehmdthemastoidregionatfliebase oftiieskuU and 
the CI area, hi mild or short-duration cases, the area of hyperfliennia is anterior 
to the ear and ttie facial aspect is cool. 

hi thesepatients, ather^jeutic endpoint canbe equalization of tenqierature 

10 distribution. Areas that are warmer can be cooled, by way of exanqde, by using 
short wavelength radiation, hi contrast, cool areas can be warmed using longer 
wavelengttL radiation, including mfirared radiation, hi certain embodiments, it can 
be advantageous to provide osciHating treatment, in which long wavelengths (e.g., 
red or injfrared) are used in one probe and the other of short wavelengfli (e.g., blue) 

15 for about one mmute. Then treatment of both sites with yeUow radiation for a 
period of about one mmute is foovided. Subsequently, one can alternate between 
the red/blue then yellow legijnen until blood flow is normalized. 

Exanqklel 

20 Treatment of a Patient Having Trigeminal Neuralgia 

A 70 year-old female patient presented wifli synqjioms of pain associated 
withoral surgery 10 or 15 years before. During surgery,hermouth was maintained 
ia^ extended position(wide op<aO during surgery in whidi several extractions 
were perfonned. She had been on prescr^tion medications for pam for jsmajt 
25 years, and in spite ofthe pharmacological tieatmente, her pain was so severe as to 
prohibit her ftom inserting and using her denttires. 

In this situation, her trigeminal nerve was treated uang infrared radiation 
as described above, and resulted in alleviation of her pain to the pomt where ^e 
could use her dentures and carry on normal conversation. 
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Treatment Of Post Helvetic Neoratgid 

Herpes zoster is thou^t to be tfie causative agent of "shingles,*' a viral 
disease involving iiifectiott of tiiie seasoiy nerves 
organs. In the sfcuij the vinis can cause q)itheUal infection^^m 
5 severe pain. The lesions typically will heal^ but p^istent, post-herpetio pain can 
be long-lasting and severe. 

Diagnosis of post-heipetic neuralgia can be made by history, physical . 
examination Op^ esence of scairingO and/or by tbermogr^hy. Postherpetic : 
neuralgia can be associated with hdghtened sensitivity to touchy ^d insome c^ 
10 even yeiymild physical stimulation (such as that associated with blankete) can ; 
cause severe paiiu Thermogn^y canxeveaLapattem dfhypothdttnia in Hxe hxtasi^ 
rib arei^ which can contLau^ in a horizontal pattern from posteriiH: to ant^ In 
certain situations, in wMch a particuldr nerve is inv One <^ obseiveanxivai 
region of hyperthermia. 
15 Treatment ofpost4i©cpeticnOTralgiacanbebilat^,invo^ 

exposure to mfiared radiation, with one beam directed toward the posterior exit of 
the rib/and the other at the ant^or tednination of the rib. This regjmm can be ; 
associated with decreases in the characteristic deep, searm 
r^laced with a sup^cial pain fliat can be considered to be tolerable by miaiy 
20: patioits. In certain ^bodiments, it can be desirable to treat regions of refilled 
painj for example in nearby rib& Thei^qjy is rq>eat^ 
about 3 days between treatments^thenprogressingto intervals of about^^ 
IbsDi 2 weeks apext. Afi^ about 6-10 weeks of such a ther^eutio reg^n^ 
substantial recoyexy can be observed. Thus, electromagnetic therapy can be : 
23" efifective in many patients witii pain of long dunUaon. 

Inaddition to zost^vpost4ierpetioneu^^ 
iBinq)lex can be e£feotivejy1xeatedujring^ectoomagnetic radiation ther^y of Ibis : 
invention. Hetpes sin^lexiaa v^^ 
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hypersensitivity to pressure and localized swelling, or edenia, can be present An 
additional manifestation in the trigeminal nerve, which innervates portions of the 
head and face^ can include cold sores. Occasionally, the virus can be activated and 
transported down tiie sensory nerve to &e skin, where a herpetic outbreak can 

5 occur. As with neuial^a associated with Herpes zoster, a major symptom can be 
deep, searing pain* 

Therapy of post-heipetic neuralg^ associated with Herpes simplex can 
involveshortwaveleBgtiiradiation,suctias turquoise, hi certain embodiments, the 
treatment with turquoise Ught(about500nm) can be foUowed by redr^ It 

10 can be desirable to also use vitamin A (100,000 Units), vitamin C and zinc (100 
milligrams **m^'). Additional adjunct therapies include eHmiimtion of the amino 
acid arginmeftom the diet Nuts, and especially petouts have large amounts of 
arginine. hi contrast; it can be useM to include additional lysine mttie diet. Itcan 
be especially desirable to begin electromagnetic radiation ther^y as soon as 

15 . symptoms b^gin, ev» before herpetic en5)tions are apparent. In certam cases, 
treatment at a ftequency of about twice per day can be effective at decreasing tiie 
severity of ah^cpeticoutoeak* and in some cases can prevCT* fiui^ 

Gangrene 

2a Gangrmeisaseyereconditionin which tissues dieas a result of inadequate 

nutrition and/or oxygwation. Gangrene canbe caused bytramna, by fiwsfljite, by 
mfection, or by certain metaboUc disorders- Once a tissue's nutritional state is 
sufficiently compromised, infection can set in, causing fimher destmction of 
heaWiy tissue and leading to increased morbidity, Alflioughtiieremaybemany 

25 causes of gangrene, a common feature can be decreased vascular perfusion to the 
affected area. Although the causes of decreased perfusion are not known for all 
gangrenous conditions, overactivity of vasoconstriction may play a role in one or 
more types of gangrene. 
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^^^^^^^^^^^^^ 

: of g^gt&tte-:^^ 
S- characterize the disordo:. M general, it can be desir^ 

mdiation, in the forai of ultraviolet radiatioiL Ultravioletradiationisknowntobe 

axxiihacten^U ^nd when used in cotymietion with 

promotemc^ 

\"::':::':-7':'*:':.:^ 

^^^^ ■ - S .: 
• ; : : hi a. padetiitmth 

^' • electromagnetic rad£^^ 

^^^^^^^ 

pKostmor tibi^^ was us«i iio *^ainf * the i;;;::^:^::;^;: ; : : ; 

20 mobility- • B:iEE^^ . ::^:;E::h::^^ 



Diabetic Nearopathy 

. .. Diabetic nemopatfaies are a cojnmon source of morbidity m diabetes 
melhtus. Pati^^ts typicaU^^^ 
25 aspects of the feet with a decKjase m seM 

die sensory deficit is so severe as to make it difficult for patii»ts to detent 
whether they ar^ on a caipeted or unoai^ 

verydiffifwlttodetjean^ fa certam cases, the 

syn:^t6msbec6 
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Themiography reveals bilateral decreasedperipheralperfusion and cooling, 
espedallyontheplantaraspectsofthefeet Additionally, the distal portions of flie 
toes can be cool. 

Many pitfiente with diabetes ate treated allopattucally with insulin, . 

5 nauontm, anti-anxietymedicationsand/or other regimens of pharmaceutical agaits 
and diet Ther^eutie goals include increasing peripheral perfusion. In certain 
OTibodhnents, in situations in which allopathic remedies ane lesd than completely 
efifectiv^ treatment can begin by e3q)osing the common peroneal, de^ peron^ 
posterior tibial md sensory nerves with infrared radiation to 'T^alance" tiie 

10 innervation oftiie affected site. Then, radiation in the purple wavelaigthrangecan 
Xlxeuthewavelengdicanbe<±angedtpyeUow,to**stimulate''thene^ 
and in certain embodiments in wbich tiie neuropathy is of long duration, to green 
and then to yellow. After a course of electromagaetic radiation therapy is 
conqjlefed, it can be desirable for the patient to be reevaluated by an aUopafhic 

15 physician to q)propriately readjust the prescriptive medications. 

■ ■ ".V. .x:r : . • . • i-...: ... " -• • • ■• : 

. . • -.i- ^ . : •■; . 

Example 4 

Treatment of a Pattent with Diabetic NenropaUiy 

A mai iiresented waBc 
20 distances greater than about 3 feet Aflopaflietic remedies wo© ineflBsctive. He 
cotOd only sleep after plimging boUi feet into ice water to nnmb them. He was 
unemployable and 100% disabled. 

After 120 days of manas^emt using infrared eleptromagnetic i^iaticm 
tiher^ of this inveradon urfng inftared radiation, he obtained a podUon tiiat 
25 involved walldng 3 - 5 miles per day wearing steel-toed s&oes. Hehas retained tfiat 
poationi6t5years. 
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SympatbetieAtaiiia 

Sympathetic Atonia ("SA^O is a condition associated with conq)lex regional : 
pain syndrome Q*CSCBS**) and Reflex Sympathetic Dystrophy C^RSD"*). Complex 
regional pain syndnnne and RSD include characteristic symptoms of coldn^s in 
5 the extremities, coi^led with lancinating pain, burning pain and dysfunction. 
These conditions are typically recalcitrant to conventional allopathic management 
Numerous n^e blodc^ high doses of prescriptive medications aikl surgical 
intervCTtion nwy not be gble to control this highly unique and individualized 
disord^. In many cases, the diagnosis of CRPS andRSD carry a higjx level of 
10 permanent inq^airmCTt 

to rnany of &e above type of disorder, a th^csa^ 
perfusion of the affeoted region. In certain embodimeots, it can therrfore be • • 
desirable to useiniSraied, redL» or orange wavelengths of electromagnetic radiatj^piiu: :: : :; 
In catainptitients having shnilar symptoms, the extremities arewann ^d i 
15 not cold, resulting in a variant Of RSD Imown as *TiotR^ These patients are 
charaeteristicaUy unre^^ to : conventional aUopafluc managOTeftt 
electrbma:gpLetic ladi^ 

To treat pafients having hot RSD, initial senativity testing can incfti^e:^:: :;: 
exposing the symptomatic extreouty using wavel«igtbs of radiation in the blue 
20 spectrum* The therq)^itic goal can include firs^ 

("eudiCTinia'O evenhypCTthennia, Then, one canprovideradiation inttie scarlet 
portion ofthe spectrum to the contralateral side. Then, inftared radiation can be 

used to sweep tfie contralateral 

extremity, or the femoral artery and theaacroooccygeal junction for treating lower 

25 extremities. 

The duration of th««py &r X3^ 
on obseryqtioiisoftte ap p r opri ate extreraity,^M 
indude pulse oxinaetty or Uqpiid cQrstal tern 
initi|d^ 
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alteration in the nifimto 

plications canbe provided the nart day, for ^cample, 24 hours later. Subsequent 
treatments can be carried out periodically aftw that time. 

5 ^ost Surgical 3,oini Eeiilacement Syndrome 

Mai^patioits having joint replacemoits respond successfully to standard 
physical therapy measures. However, many develop new synq>toms vibm fliey 
begin to discard flieir ambulatory aids, such as crutches, walkers and tiio like. 
Altfiough physical ttL&a^y is tj^ically rqjeated, symptoms may persist with time 

10 and new symptoms can I5>pear. New symptoms can include poor lyDq>h drainage 
C'lymphedema") and pain, eitherproximal to tiie replaced joint, distal to ttie joint, 
or in both locations. In some cases, the pain can be progressive. 

Blectromagneticradidtionflier^ycanbesuccessfulinalleviatingjointpain 
andlymphedema, canreduceoreliminatetbeassociatedmyospasmand/ormyositis 

15 and can result in increased active range of Ihe affected joint M certain 
embodiments, therapy can begin widi the practitioner identifying the perfusion of 
the surgical scar, for example, using thermography, temperature sensors, of 
temperature scales placed onftesldn. If the scar is hypofliermic, thenradiation in 
flie scarlet wavelength range can be used. M certain ofthese embodiments, it can 
' 20 be desirable to apply two beams ofradiation, one at each end of fliesurgical scar. 
M cases in which Hie scar is hypothermic, it can be desirable to use wav^engfljs 
in Ihe bluerangeofthe spectrum. Palpatwyexaminationpetfonnedatfliesurgical 
site can detennine flie presence of absence of myospasms. If myo^asm is 
detected, s» reflected by reduced teaqjeratme, flim radiation m Ihe orange 

25 wavelength range cdn be advantageously used at the trigger point to produce 
muscle relaxation, myositis is found, as reflectedby hyperthermia, thenradiation 

in the green portion of the spectrum can be used. 

Then, thepracdtionw can establish tfien«rves that traverseacourse through 

die surgical field, or those which specifically innervate the afifected mu^atuie. 
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7 ; in 

i o::^. : . Q^^ ttiea caa gently provide a sli^t ovetpressnre to ext^d the range of 
■ icSbticp Any specific abnoimal motions are noted, and tbe 

p^tiCTt instructioos for zeroises to do to assist in increasing 



' '/^^^ radiation ^eac^py can be a method of choice fdr::n0nr;::: 

■ : :iny^lV^ 

:: EAV, or electric resistance nieasursfi^^ 
20? points to be treated and choos« 
^: phygibikJ^pro^ 
diametOT, 

: ; to indicated changes in electrical condnctivity, or altCTnativeiy, direct 
measur^ents of electrical resistance can be provided Observed dianges in 
25: : : niomtored vm can indicate eiSects of tiiorepy. 

. Additionally,^ a practitioner may select and locate acupoints manually or 
with a device to momtw electrical resistance M certain 

jBimbodim:este praltemati be 
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maiked for future treatment If auricttlotheK5)y is chosen, the practitioner noay 
fijrtber decrease the diameter of the beam to a desored size. 

Caipal/Tarsal Tnimel Syndromes 

5 Carpal tumiel syndrome ("CTS") aad tarsal tunnel syndrome CITS") can 

be diagnosed using measurements of nerve conduction V^ocity CNCV^ or CPT- 
The nerve exhibiting the slowest velocity can be advantageously treated first A 
detenninatlon is made whether the condition is acute or chronic. For chronic 
conditions, wavelengths in fee yellow range can be useful A dual beam system 

10 can be desirable and the practitioner can select distal and proximal 
electrodiagnostio points and can apply radiation. In certain embodiments, it can be 
desirable to select oflier points, such as two, along the affected nerve and to treat 
those sites. If the condition is acute, fee feerapy caabe ofeerwise similar to that 
used for chronic conditions, but using wavelengfes in fee green range of fee 

IS spectrum. 

After feose points are treated, fee practitioner can feen examine fee 
associated musculatureforfeepresence of tdggerpomts, myospasm andmyositis. 

If myospasms or myositis of found, it can be treated as described aibove, or 
altetnatively, apantingmethodcanbeused. hi certain of feese embodiments, one 

20 beam can be appUed to a distal portion oftlte extremity, ^eanofea: beam can 
be at a laoximal site along fee muscle. It canbe desirable to provide feeproximal 
beam wife a configuration feat produces a rectangular beam to increase the area of 
exposure. A painting tedmique can begm Wife fee rectangular beam moved firom 
proximal to distal along fee aflbcted region. If myospasm is observed, feen fee 

25 proximal beam can be in fee orange portion offee Spectrum and fee distal beam 
can be yellow. If myositis is observed, feen fee proximal beam can be 
advantageously gfeen and fee distal beam can be yellow. Monitoring muscle tone 
by surface EMGcanbeusefhl. Adecreaseinfee ampUtude of signals can provide 
an objective measure of fee patient's refuse to treatmrait 
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Once a dedred result is obtained, tiie region can again be searched for 
trigger points. If a zoneof referred pain is found by direct physical compression, 
then a diud beam 25)prdadi ean be used be pc&ited directly at each 

other with the trigger point between The ends of the devices can be used to gently 
5 compress a trigger point therebetween to inoiease flie eflfectiveness of therqpy* 



Hyperperfttsioii 

In situationsinwhich m afi&cted site is relatively warmer than surrounding 
• sites, and in wMch it is desnable t^ 
10 electromagnetic raitiialion having relati^ 

Conversely, in fliose situations in wMch an: afiEteted site :iS: 
surroundings and in which it is desirable to equalize temperature, one can use 
radiation having relatively long^ wavelengths, such as inj&ai:ed, red or oiange. 
Although flie mechanisms AM underlie the beneficial effects of the radiation 
15 thenq>y of this invention ate not known with c^ainty, one hypofliesis is that cool 
sites inay suffer firom vasoconstriction and^r^ 

may suiOT^ from too nmchperfiisioiL Thus, to treat cool ri^ons, radiation is iised 
feat promotes increased pecfiidoii, poss^ 

by sympathetic nerve oveaactivity- To treat hyperfl^mnic regions, radiaticMi can be 
20 ' used tiiat promotes vasoconstriction, possibly via increasing sympathetic nerve 
^ constrictive activity- 



EBtrainment 

For disorders of Ifae central nervous system, then^eutic efScacy can be 
25 imprbvedbyproviding muMple sources ofstimulationtothebody simultaneously. 
Thus, in certain embodimente^ it cm 

via earphones at a Icnowu frequency. Simultaneously or alternatively, one can 
provide visual stimulation with Ug^^ 
relationslup^ s^^ 
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ladiadoii of peripheral sites at tiie same frequeacies and/or phase xelationships as 
th& auditoiy and/or visual stimulatioii. By pioviding several modes of input to the 
c^tral nervous system, the efficacy of electnntiagiietic jadiation tbstspy can be 
increased. It can be {^predated that one or more; of the alt^naUve modes can be 

5 used. Moreover, it can be ^rpreciated fliat one may stimulate the eyes using 
unilateral left or ri^ aided light, or bilateral stinmlatKHL . 

When the central nervous system is involved in symptoms to be treated, 
electromagnetic radiation therapy as described hwein can be administered 
simultaneously with electromagnetic radiation deUveted to the eyes. Delivery of 

10 light to the eyes is Imown as Syntonic thas^ 

ushig a device such as a Spectral Dlominator desaibed by Frank Olstowski, The 
patient looks at the device diat emits light having a designated color and pulse 
frequency, hi certain embodiments of ttiis invention, electromagneticradiation can 
be j^lied to tiie eyes as well as a superficial portion of a nerve of an affected 

15 extremity to be treated, Itcanbedeshable toprovide Syntonic and electtomagnetie 
radiation m pulses that are ^yndnonized with each other to produce entraroment. 
Some fibers in fee optic nerve travel to the occipital rc^on of the brain and other 
fibers travel to the letioilar activating formation and may mfl^uaice flie pineal, 
intaitary, hypothalamus and ofha portions of the central nervous system. 

20 In certain of embodinuaits, it can .be desirable to cimtrol die phase 

relationships between flie stimuli to the eyes and to the peripheral site. Distances 
between peripheral sites and a site in the CNS can be substantiany greater than the 
distances between&eietinaandthe same site in theCNS. Thus, be«auseofdedays 
in tiMveconduction, impulses initiaiedm aporiphCTgisitemay take longer to readi 

25 a Ca^S site than impulses initiated closerto that CNS ate. "Hius, it can be desirable 
to provide pulses of electromagnetic radiation to aperiphoial site that precede, by 
a controlled time, the pulse provided to the retina. The control of phase of these 
pulses can be accomplished using pulse generators coupled to. a common timing 
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device. Alternatively, a computer can be used to adfust tie relative timing of the 
pnlses. 

tn otiier embodiments, it can be desirable to provide pulses fiiat ai:e out of 
pbaseby a desired amount By adjusting the relative timing and duration of pulses 
5 delivered^ tiie practitioner can detemiine optimum ther29)eutic coniMtions* In 
certain embodiment^ it can be d^irable to hmit or stop tiie effect of entrainment 
on die central nervous system to avoid adaptive or compensatory abilities of the 
~ body to leam and/or anticipate the stimulus. By using randomized VEuiations in 
wavelength^ rate of change of wavelengfli, change in location of illumination or 
10 61hervMabte» aM 

Dental Disorders 

F^uenfly^ normal healtiiy teetii begin to loosen within die sockets. 
Decreased blood flow creating isdiemia and its related sequelae can be a direct 

15 resvdt of sustained vasospasm. Ihemial imagmg of the &ce and jaw reveals 
regions of temperature asymmetry. The application of electromagnetic radiation 
canstabiIi2etiietootiiandpreveDt|n:iQnatureextnu^ Blectromagneticradiation 
can be i^Ued with dual probes, one on the lingual bordo: and the odi^ on the 
facial bc»:d^ of die affected toodi. The firequeacies m the red» red-orange, and 

2Q yellowrangescanbeusedcOTcurroifly. The sqjpropriate artery and nerve are then 
treated witii radiation in die green range. Dual idtraviolet probes can then be 
CQ>plied to the gjs^ival sur£u:es of tiie adjacent and affected tooth and cm 
sthnulalediemal cell ;m>liferation and As 
iherBpy progresses^ tempmtuxe asjmmetry as monitored by thermal imaging 

25 decreases, 

Patiente having to undergo reconstructive surgery from traumatic insult as 
w:ell as cosmetic procedures frequently develop znaaticatpry disorders. One cause 
jfor tiiese disorders is associated vdHi tiie jaws having been wired closed from 
wed£s to m<mti[is<; Suir^^ 
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the affected musculature. FoUowing removal ofthewires^ the niandibleiiiayfa^ 
to track properly and/or the jav^ may be usable to open more than a few 
millimeters. The application of electromagnetic therapy can relax myospasntis, 
reducing &e tissue dnoxia» and can inoprove function. One probe is placed within 
5 the oral cavity at the site of greatest tenderness and the second probe placed on the 
,&ctai sur&ce. One minute of electromagnetic therapy in the orange-yellow 
wavelengdi range is applied and palpatory examination is again performed. 
Treatment can be continued until the desired result is obtained. When the oral 
cavityis abletobeopenedsuf&ciently^ the^^^ 

10 to search for latent trig^ points that were not accessible with the mouth closed 
It can be appreciated that in addition to the above disorders, numerous 
disorders involving excitable tissues can be effectively treated using the methods 
of this invention. Additional disorders include tension headache, sinus headache, 
vertebrogenic headache, articular dysfunction, complex regional pain syndrome, 

15 joint contracture of the fingers or toes, pain associated with intervertebral disk 
disorders, muscle injuries involving swellii^ polyneuropathy^ peripheral 
neuropaMes, post smr^cal paio^ post*traumatic sensory nerve dysfimction, 
spondylosis^ pain and swelling associated with traumatic injuries, ands torticollis. 

' 20 Treatment of Muscular Spasmis 

Methods of this invention are well suited to treating omditions involving 
muscular spasms associated with pain. For example^ electromagnetic radiation can 
be applied to various points on the body associated with electrodiagoostic points^ 
aeupunctuie points^; trigger points^ meridians 
25 Figures 2a - 2d depict certain sites useM for application of electromagnetic 

radiation according to this invention for treating head, neck and upper torso 
neuromuscular conditions. Figure 2a dq>icts a right-lateral view of a subject's 
head and torso. Figure 2b depicts a left^lateral view of a sub^ head and torso. 
Figure2c depicts a front view of a subject- s head and t^ Figure 2d depicts a 
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{plication of electromagti^c tadiatioa(EMR) include those in Table 1 below. . 
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15 



20 



25 



Right 

Side 

Point 



11 



13 



15 



17 



19 



21 



23 



25 



27 



29 



Table 1 

Sites of Application of Electrom^peflc Radiation 



Leftside 
Point 



& 



10 



12 



14 



16 



IS 



20 



22 



24 



26 



28 



30 



Site of Application of EMR 



Ihfenor aspect of the mastoid process 



^fi<^int of die sternocleidomastoid muscle 



Later^ base of the neck 



AerondooUrvicular joint 



Siqierioi' ooiocoid process 



Mi^oint of deltoid muscle 



Si^caelavicular: fossa 



lofaior to n]i<^oint of clavicle 



pecton^ inajor just anterior to axilla 



Just inferior to die inft^or nuchal line 



Just lateral to die vertelnal prominence 



Siqn:a^inous fi>ssa 



IS-dpcixit to diespine of the Sc^ula 



Infraqtinous fossa 



Me(£ial to the micj^oint of die medial border of the 
scqpula 
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Example 5: 
Treatm^t of Tnqpezius Spasm i^rttb Pain 

To lUtMFiEEtfi^ 

assdciatedpaini we studied a series of 25 patientsptesenting with pain of the upper 
5 bade or neck* Patients were selected that had persistent pain which was not 
responsive to conventional thenq>y. We treated each patient using £MR delivered 
by fiber optic lUuiniQatOr described above. The end effectors for each treatment 
werepositionediabove^epomts tdbeilluininated^but were not in contact with the 
subject*s skin at any time. The patients were not informed of what was bdng 
10 illmninated or Reconditions of iUunnnation. We foundthatiUumination of certain 
points on these patients using electromagnetic radiation can alter muscular activity 
of aflEected muscles. These results also indicate that EMR can be effectively 
monitored using SEMG mefliods in real time during treatment 

IS Patient 1 

At the time of the study, pati^ 1 was a 45 year old female with unrelenting 
left-sidfedpainatthesubpcdpital area made worse by movement^^ She failed to 
respond positively to r^eated courses of diiropractic therq>y, physical therapy, 
exercise, stretching etc. Sher^ortedfliatfliepainwasmadeworsebyrotatinghfir 

20 bead andby slow movements* Sherq)ortedAatnosigttificantredtaclioninpain 
occurred. 

The subject was treated for three sessions under Investigational Review 
Board (IRB) supervision using electromagnetic radiation in the visible spectrum, 
from about 400 nm to about 700 nm. Applicatioti time at each site was 
25 approximately one minute. Five (5) id^tified locations, wavelengths, and 
wavelength variation combinations are indicated by the numbers on flief graphs pf 
Figures 3a and 3b. Two applicators were used at the same time, with conditions . 
and locations of each illtmunator CT^d elSSd^ shown in Table 2 below* 
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Table! 



Id 



15: 



20 



25. 



Treatment 

Time 

Index* 


Treatment 


Conditions of mumbiation*** 








1 


22&24 


660 nm ± 80 xm, 2 Bz, 50% Duly q«cle 


2 


8&I6 


520 nm ± 40 nm, consbmt ouiput 


3 


19&20 


End effector 1: 620nm± 20 nm. 

Bid effector 2, 420 lun^ 20 nm, constant 

output 


4 


1&2 


Endeffectort: 660tim±40nm, 
£nde£^bctx»:2: 420 nm± 20 nm, constant 
output 








5 


7&15 


660 nm ± 40 njn, constant ou^ut 



The number indicate fiiat^^^ 
that the iUuiDinator was turned ofil 

Locations described inTable I above. : : : : . : ; 

Datae3q)ressed as central wavelengaubwaveleng(h 
Hertz; Hz), and percent of total duty cycle. 

FigQxe 3a dq^iots the SEMO trace of the afifecte^ left side of the subject 
During thepre-iilumination period, the graphs shows relatively wide variations in 
and ln0i intoisity of SBMO activity. A first period of illumination at points 22 & 
24 had little efi^ On SEMQ activity. Howevtf , s^lication of eleotram^gnetic 
radi^on (EKdR) having a central wavelength of 520 nm (point 2) re 
substantial decrease in SEMO activity. Rniher application of EMR et two 
locatiLons, eadi: involving a different central wavelei^;th {point 3) fiuth^ reduced 
tilie magnitude of variations and tiie relative S£^G activity. 

In contrast with the substantial efifects on the affected side^ SEMG 
monitoring of flie unaffected (right) side of this patient revealed ccra^aratively 
little SEMG activity. Treatment of ttie affected side did not result in noticeable 
changes in SEMG activity on the non-affected side^ 
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10 



15 



20 



25 



Patient 2 

At the time of study, patient 2 was a 55 year old female having ahistoiy of 
left tnqtezius pam, congenital scoliosis and persistent limitations on range of 
motion. Yem of physical theK4>y, chirc^ractiQ and allopathic intervention was 
without ^preciable result The subject was treated for three (3) sessions under 
IRB siq>ervision using EMR m the visible spectrum (400 nm - 700 nm). 
Application time was about 1 minxvte at each site. Five (5) combinatitms of central 
wavelength, and wavelength variation were used, each with continuous 
illummation O-e., 100 % duty cycle) according to Table 3 below. 

Tables 



Treataient 
time 


Treatment 
locations** 


Conditions of Illumination*** 


1 


21&22 




2 


6&U 


420 nm 


3 


19&20 


700iim:fc60iim 


Jlllillilll 


2&20 


660 nm ± 60 irai 


5 


6&U 


600 mn 



-**. • 



30 



that tile illuminator was turned oft 
Locations ^own in Table 1 above. 

Data «q>re8sed as central wavelength ± wavelength variation. 
Figures 4a and 4b show the respcMises of patioit 2 during a first therapy 
session. Figure 4a shows flie SEMG traces of flie affected (left) side. Tlreatmait 
at time indices 1 and 2 showed Uttle change in the relatively varijOile activity. 
However, treatment at time index 3 resulted in a progressive alteration (increase) 
in SEMG activity, which returned to basal levels when the illuminator was turned 
off. Illumination at time index 4 (both sites on affected side) resulted in increased 
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10 



SEMGaotiyity, wihici^^^ 

turned ofEl 

Figure 4b shows the SEMG traces of the unaffected (right) side, 
niumination at each time period resulted in progressive^ increasing Sl^G 
activity, which returned toward baseline values when the illmninator was turned 
ofL 

After the course of ^er^y^ the patient reiK>rted fl 
softer and that her rang^ of motion improved, so that she could swim and move 
about more easily. 



Patient 3 

Patient 3 at die time of study, was a 53 year old female who received 
injuries as a passeng^ in an automobile when a piece of concrete fell ftom a 
bridge, fbiougli the front window and struck h^. The object struck tiiepafient 

15 in file head rendering her imconsd^ 

muscle ti^tness on the right side. She had multiple courses : of conv^itional 
treatments which did not result in alleviation of her muscular distress. 

Ihe subject was treated for three (3) sessions under IRB supervision 
using EMR in the visible spectrum (400 nm - 700 imi). Application time at 

20 each site treated was 2?)proximately one minxite. Six (fi) sites ideritified in Table 
1 above w^ illuminated according to Table 4 below. 
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Table4 

Treatment Protocol for Fattcait 3 



Time 
Index* 


Ti*Aii4ineiil 

■■A*-V<HI1I^M%: 

Locations** 


Conditions of IDiflninaflon*** 


I 


8&16 


52aiim:l:40mn 


2 


6&14 


520 nm ± 40 mn 


3 


22&24 


First end effecton 620 mn:!: 20 tim 
Second end effector: 420 ma± 20 nm 


4 


2&20 


FiistendeflFector: 660nnii40nm 
Second end effector: 420 mni: 40 nm 


:^:v;::-r;:;;:..;..::.;^ 


3&4 


660 nm ± 40 nm 


6 


6 


Fiist end effecton 560 nm ± 20 ran 
Second end effector: 420 ± 20 nm 


* The number indicates 1 


lhat the Uliuninator was turned on. The+mdicates 



that the \W}^vnmatnr wag hrnied off. 

** Locations shown ill Table I above. 
15 *** Dataexpressedascentralwavelengtti±waveleoga»variatton. IIluminati<m 

was constmt dmiog the time indices. 

Figures 5a and 5b depict SEMG respoasies of patient 3 during the first of 
the three sessions. Figure 5a shows the SEMG trace of die nnalBfected side Oeft 

20 side). The SEMG trace remained at a relatively constant, and low magnitdde for 
the duration of the study, regardless of the location of or existence of illumination. 
Figure 5b d^icts the'SEMG trace obtained from the affected side (ri^ side) of 
patients. Before illumination, the variation in flie SEMG trace was substantially 
greater than fliat of die miaffected side. During die fust illumination period (time 

25 ind«c 1), there was a lag p«iod, foUowed by a slow rise in SEMG activity, whidi 
ended upon turning off the iUmnin«tor(+). A second period of illumination (time 
index 2) resulted in animacase m activity thatperasted even after the ifluminatibh 
was temrinated. Attime index 3, tiie magnitude of SBMGactivity decteasedi and 
this decrease was reversed bytenninatlng the exposure (+). Subsequent^, ^ time 
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index: 4» SEMQ activity dea«^ed,aiui1ii0de(^eaw was rev^ 
of exposure. At time index 6; activity decreased back to the pre-iUunsloatioii^^^ 
line value. 

After the Gouise of ther^y^ flie patimt raited increased mobility^ softer 
5: muscles, md a 20% reduction in symptoms. 

Patient4 

At the time of study, patient 4 was a 65. year old male e3q>eriencing 
insidioxis spasm of the right tr£5)ezi 
10. . prior 20 years, with persistent rig^t sided pain and muscle tension and 
sleq)lesmess. No prior course of allopathic therapy was efifective. 

Patient 4 was treated for tfaree<S) session^ according to the protocol shown 

in Table 5 below. 



IS Table 5 



Treatment Protpcol for Patjent 4 



Treatment 


Treatment 


Conditions of Dhimlnation*** 


Thne 


I^ocations** 




Index* 






1 


5&6 


660nm:^60nm 




13&14 


540nm 


2 


3 


none 




4 


1&2 


600 nm 



llienmnber indicates that the iUmninator was tumed on. The'^ 



25: : indicates that the illuminator was turned oS, 

Locations shown in Table 1 above. 
** * Data expressed as central wavelength ± wa^^^ 

lUumination was constant during the time indices V 



30 Figures 6a and 6b depict SEMO traces from patient 4. Figure 6a^^ 

:the«BM©::: :: . " . " 
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trac^ obtained fix>m tiie unaffected (left) sid6» and shows rdatively low levels of 

activity^ Aj^lication of EMR at ti^ I res^lMinasHghtincreasemS^ 

activity, and tectnination of the exposure resulted in a furflier, but small increase 
in activity. No other significant changes in SEMG activity were observed 
5 la contrast to theunafifected dde shown inFigure 6a, Figure 6b shows the 

SEMGtraceobtainedftomtheafiTectedside. Friorto illumination, baseline SEMG 
activity was decreasing* At time index 1, after a lag period, SEMG activity 
increased si^stantia}ly. The increased activity persisted for a period after the 
iUununator was turned off(+), but tiien decreased to baseline values. Application 

10 ofEMRat time index 2 resulted in a similar increase in SEMG activity. At time 
index 3, where flie light beam was not directed at fliepatient, resulted in no change 
in SEMG activity. Illumination at time index 4 resulted in a lag period followed 
by an ina:ease in SEMG activity, that reversed after the illuminator was turned off 
(+), We note that the magnitude of the inorease in SEMG activity decreased 

X 5 progressivelywitii time^ indicating tiiat the SEMG activity of the two sides became 
more alike witii treatment 

'After &e course of three sessions,^ die patient reported lessening of muscle 
spasm and at least a SO % reduction in pain.He also reportednormal sleeppattems. 
The tesults of the studies of these 4 patieitfs indicates that illumination of 

20 specificpoints on a patient's body, on the skm, can afi^t neuromuscular activity. 
Further, aprogram of thenqjy can be targeted to changmg the musctdar activity to 
relatively balanced levels, which can be associated with improved clinical signs 
and syDQ^toms. 

25 Example 6: Treatment of Carpal Tunnel Syndrome I 

Subjects suffering from carpal tunnel syndrome (CTS) were identified 
based on clinical findings and the subjects* ^^^r^ 
studied supervised study. 

The puiposes of the study were to determine whether ^plication of EMR 
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to selected lopations on tixe hand, wrist, and /or ann produceHierapwtic relief in 
patients wiflk clironic pain due: to carpal tunnel syndrome. 

Somatosensory testing^ nerve conduction velocity, hi^ resolution thermal 
imaging and monofilament testing were performed before treatment was started* 
5 The same tests were inade f^^^ 

Monofilament testing was performed at each session before treatment 

The initial treatment location for the subjects was the median narve at the 
wrist The initio COTtral wavelength was 560 mn at a frequency of 20^ 

10 Patient 1 

Patient 1 atthetimeofstadywas a44 year old femateen^loyedinthefood 
service industry. Prior to tceatment, she had problem wth her right wrist for 16 
years and was diagaosed by her drthQpedi$t 8 yoars ag6 as suffering Stom CTS. 
She attributes thepioblem to playing athletics (softball intciier wd bowling)* The 

15 pain was not localized and it travels ftom the wrist \sp the entire arm. She ' 
described it as very severe (#8 out of 10) with the character of sharp aod shooting 
pain, associated with loss of fimction and inability to use her arm and hand. The 
pain was intermittent and was made worse by using her baDd. 

Before treatment, her grip strength was determined to be at the 76th 

20 percentile for wcanox of her age. Har distal motor latwcy was 4.1 milliseconds 
(ms) (0.8 percentile). 

AStet two treatments she reported that she went back to woiic and 
esqperienced no problCTi with her hand. She reported that her grip.was very much 
iinproved and that ^e had good use of her hand. After theihird tirealm^t» she 

25 reported fliat tile tingling and numbness were gone. Althou^ she reported that 

some soreness aiound'her wrist persisted^ bu^^ 

cup and that ttiere was less pain on the side of her ampi: 
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After three treatments, her grip strengflu ioqjroved to the 93dperceiitile, her 
distal motor latency deojeased to 3.7 ms (8.4 poxoitile for age matdied control 
women). 

5 Patient 2 

At the time of stndy, patient 2 was a 53 year old female hairdresser and 
Gook. She cdn^laified of constant toobhingpakkherrighth 
her arm to the shoulder. The throbbing has berai piesoit for more fbm tea years. 
The symptoms were made worseby constant hand movements as a hair dresser and 
10 Ufling heavy pots and scrubbingfliem She obtained some reliefby not using ho: 
hand and soaking her hand in hot water. Her pain was graded as severe (grade 5). 
She first received sham tteatmait for two sessions. She rqjorted no change in her 
synq>toms. She theniecdved an activetreatmentwithcraitral wavelength variation 

andieported that she was able to do hair all day long and experienced no numbness 
IS orti}igling,buts<»neactangpemst6d. 

Patients 

At the time of study, patient 3 as a 78 year old male woddng 10 hours / 
week in hardware store. Hecott^teinedof pain in his right hand for many years 
20 bm two years ago nmnhnessdowly began to increase and wa»^tfngwoiseiq> 
the time of study, the disorder was confirmed by monofilament testing and 
ten^erature tiireshold m^surements as sbKma in Table 6 below. 
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Table 6 
Patients 



Thumb 

Cold 

Threshol 



Thumb 
l^ore^old 



Thumb 

Vibratio 

n 

Threshol 
d 



Thumb 

Mpnofilame 

nt 

Threshold 



Wrist 

Mouofilame 
nt 

Threshold 



Before 

Treatmea 

t 



14.0 



48.6 



16.9 pm 



>11.5 gpis 
insensitive 



>11.5 gms 
insensitive 



After3 
Treatmen 



22.4 



43.4 



4 3 



<0.5 mg 
normal 



<0.5gm 
normad" 



10 



4: 

.. 9. ... 



Data expressed as degrees C 



Before treatment^ he could not button his shirt nor was he able to pull 
his zippCT well. He had problems feeling coins in ord^ to give prop^ change 
while working in the store. He experienced numbness wMch was constant and 
15 woEse in his fingertips. 

After one active treatment session he r^orted the following day that he felt 
ttnpmved sensation and tiie numbness decreased. He was able to make change 
better than before and he was able to feel the tab on his zipper iH otder to pull it t^. 
,15. Afterthe secondtreatoi^t session he reported^^^^ 

20 comfortable and the tingling was gone. He is not awakened by his hand during the 
lught He was able to squeeze the tip^ 
dramatic iniproy^f^t in his 

--Patient^v:^^ 
25 At thiei time of study, padeitt 4 was 

rqsprted^^ 

develop b 
tresdmmt iT^thbi^^^ 
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felt somewhat inqiroved by wearing a wrist brace sleq)mg. She graded her 
pain as #8 (of 10) or very severe and was reported to be constant 

When she returned for her second teeatment she reported that she did not 
have to wear a nigW brace 9t night and was able to sleep all night without pain. 
5 Afba her second tre^ent she F^orted that her symptoms became somewhat 
worse aftet playing cards all day but the spasms were not as severe as before. 

Patient 5 

At me time of study, patient 5 was a 49 year old female en^loyedin sales. 

10 She was diagnosed as having CTS about 16 months prior to presenting. 

The onset was slow and gradual and the dull mhy symptoms were made worse by 
driving and using a telephone. She reported chronic sleeplessness. If she shook 
her hand or bent it she did obtain some relief. The symptoms traveled &om the 
fingers to her elbow. She tepotted ttiat after her second treatment s ession that a lot 

15 of ache pressure is gone. There was no numbness or tin^g. She reported that 
she was sleeping the night tfazough. 

Patient 6 

At the time of study, patient 6 was a 41 year old female homemaker. She 
20 wasinvolvedmtwosevereautomobile/tcainaccidentsinl970andl994. Shewas 

gcqtping flie steering wheel and was jedced severely at &e time of accident. Her 
8ymptomsweremadeworsebyattemptingtooperateavacuum,w8shingwindows, 

usingaconq>uteror holding the telephone. She Was ableto obtain some reUef by 
usmg a wrist band at mgjit Sometimes ^e pain traveled up her ana but it 
25 concentratedinher thumb. It was internrittent. 

After two treatments, she reported that she felt some improvement with a 
decrease in stifQiess in her hands. 
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Patient? 

At the tune of s^y, patient 7 was a 66 year old female cook. Ten years 
ago she was scnibbing pots and pans in a drciilar motion while perfbrming her 
occupational' duties and developed left handed pain. She operated a Ftendifiyer 
5 for 1.5 hours which required ho: to continually lift and empty the ftying basket 
This causal her to ©cpedence additional pain* Lifting and grasping made hear 
symptoms worse and using a wrist brace at night help reUeve the pain The 
symptoms did not travel or move and they were^ c^ 

Prior to treatment,^ her grip strength was reported to be in the 46th percentile for her 
10 age. Her distal motor latency was 4. 1 ms and the percentile based on age was 0.4 
%. 

Aft^ threefreatoents, her grip strength improved to the 54tiipercentUe,hQ: 
distal motor latenQr decreased to 3.7 ms (7.8 percentile). After laer first treatment 
session she reported that she was able to sleep without her brace and her hand did 

15 notgi^numb. Aftertiiesecondtteatmentsessiondier^rtedfliather^ddidnot 
go to sleep and tiiere was ik> numbness or tingling. She has not been awakened 

ftom sleep.' ■: 

These studies indicate tiiat imder control conditions in which no EMR was 
delivered^ the subjects i^ changes in either syn^tpms, objective 

20 evaluation of physiologic^ variables or in clinical findings. However^ treating the 
subjects with the electromagnetic radiation improved function, decreased 
syn^toms of pmi and in:5)roved objective measurements of physiological 
vmables. No adverse efifects of EMR tiierapy were reported. 

25 Example 8: Treatment of Carpal Tunnel Syndrome n 

In a larger study of patients witii carpal tunnel syndrome (CTS), sixteen 
(16) patients are evaluated under IRB siq)ervisioiL The subject population is 
divided ihta two eqtiat gm^ subjects before start of tiie study. One 

groi5)rTO|^^^ 
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of the first two treatments. The other group receives treatment with the 
electromagnetic radiation turned **oflF' for the first two treatments. The first gjcoup 
receives two treatm^ts with the electromagnetic radiation turned **ofiF' at later 
times in the study. All subjects receive a maximum of ei^t (8) treatments with the 
5 electromagiietic radiation turned **6n" dttring the course of one month. 

The initial treatment location for ttie subjects is ,the median nerve at the 
wrist. The mitial central wavelength is 560 nm at a firequency of 20 Hertz. 
Additional subjects initial treatment mcludes a wavelength variation of ± 20mn 
during treatment 

10 We observe that EMRther2?)y results in improved mobility^ decreased pain, 

increased ability to move. 

IV Methods of Monitoring Electromagnetic Radiation Therapy 

Many methods are known in the art to be beneficial for assessing the 
15 efBcacy of treatment. The monitoring system chosen can be ^v^tageously 
selected based on the diagnosis the affected tissue or organ* and on the type of 
treatment used. Methods mclude, but are not limited to the following. 

Photoplethysmogrq)hyCTPGPOis amefhodfor noninvasively mcttaitoring 
blood volume changes in an extremity such as a finger, toe, or in alternative 
20 embodanents, a hand, foot, ann or leg- Plethysmogr^hy can be used to trade 
cardiac pidse rat^ heart rate variability, changjes in pulse pressure and peripheral 
blood flow. 

Surfece electromyography CsEMG'' or "SEMG^ involves the use of two 
or moreelectrodes placed ov^amuscle. Muscular activity is reflected mdianges 
25 in electrical activity of the muscle, and changes in electrical activity can reflect the 
underlymg tone or activity of the muscle. SEMG Can be used to identity points on 
apatient'sbodytiiatare responsive to electromagneticradiationflier^y. EMTcan 
be applied to various points on the body, and an alteration in SBMQ activity can 
hidicate that the pomt so treated is associated with activity of fhemuscler^^ 
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: : :.: 

probes touched ta llie sl^ 
5 : v; Respiration momtoring iising s 

monitor respiration rate and alterations inxate, dq)th and pattern of hreathing. 

Doppler blood flow measurements can be made using equipment that 

; i^^ which blood moves can be 

: :gia[uges| 



:2Q:!:;:. :: Pressure threshold measurement can be used to quantify the minimimi 

amount of pressiire that can be detected in painfiil regions associated with 
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umnyelinated sensoiy nerve fibers at cutaneous sites. This information can be used 
to detect and quanti^ early stage neuritis and peripheral sensory neuropathies. 
• CoxistantcurtentoutputassuresMghlyr^roduciblem^sures,wMcharemia£foc^ 
by variables such as skin fluckness, traiperature or edema. , 
5 Pulse oximetry can be used to document changes in pulse rate, peripheral 

oxygen content and saturation, and can be used to detect changes in paciplieral 

p&efosiaai : 

Alizarin sweat test is a noninvasive procedure to assess activation of Hie 
sweat ^bnds as a result of sympathetic nervous system activity. 
10 Monofilamenttestingcanbeused athyperesthetic or hypoesthettiicrepons 

to quantify changes in sensory fimction. Regions can be mapped, recorded and 

kept in a patient's record. 

Dual-inclinometiymeasuranaits canbe taken of joints that are functionally 
inqjaired with pain as a limiting fector. Those joints which are restricted and not 
15 partoftiiepatient'sprimaiyconq)laintcanbemeasuredifdesired. Measurements 
can be serially repeated to chart flmctional in^rovement 

Jamar grip and pinch strengtti measuranaits can be repeated three times at 
each of fivesettings andUienoanbe gr^hed. The averagepinchand gtq» strengths 
can then be oonq)ared to age and sex-matched normative data to determined 
20 ancerity of effort in performance of testing and as a monitoring methods to 
document strength augmentation ^with therapy. 

Gait analysis can be perforaied urfng video recording equipment. The 
patient can use usual and customary ambulatory aids and watts toward and away 
from the camera for at least five steps. The legs ean be expOsedfi»m«ie knees 
25 downwardandthecustomary foot wear is worn. The practitioner may elect to 
record an analysis whUe the pati«it wears either no footwear, or while wearing 
orthotics or other prescriptive aids. 

Limited functional «5>acity evaluation can be conduoted on an individual 
and regionalb^Bis cxclu^ivdy fbrfiie syi^ptoin^ 
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digital photography can be used to record asymmetiy of movement, posture 
(dttmg ahd standmg) and any region that is included in the padCTf s piimaiy 
complaint region. Comparatlye evaluations can be conduced in a serial mam^ to 
mordtor in^rovement in posture. 
5 Muscle streng& testing can be conducted with standard hand-held 

resistance gauges to quantify lift to right asymmetries and to monitor functional 
inq)rovem^it Muscles to be tested can be within the patient's primary pain or 
dysfimcticm area. Measiurements can be rg>eated to provide reK 

Somatosensory evoked potentials can be performed to quantify neural 
10 integrity status and/or improvemCTt following a course of treatment Typically, 
temperature and^or vibratory stimuli are provided and the sensitivity of the subject 
tothesestixnulicanbeqiidntified* In certain cases^ it caa be desirable to monitor 
asymmetry of response initial examinations, can assist t^^^ 
placement of sites for treatment and subsequent evaluations^ can quantifyprogress 
15 anddet^mine maximum thersqpeutic benefit 

Motor and setisory nerve conduction velocity studies ("CVS"*) can be 
p^formedasan initial evaluative technique. Nerves to be treated can beselected 
on the basis of conduction velocity ia certain embodiments of this mvention. 
Workmg diagaosis can be provided and CVS can be used to make comparative 
20 evaluations. 

Blectroidennal testing can be conducted prior to^ ta 
designed to address synqrtonmticregions^^^^ 
: The test can be repeated anally to quantify effectiveness of current treatment 
^^^^^^^^^^ and as an aid in evaluating an individual patient's r^j^i^uses^ • 

25 Electrodetmaltesting^alsobeusedtodetmnmeef^^ 

• radiation of specific wavelengtiis and wavelengSi wageiiA ; -j^^r^ 
DecmatheEmagcq>hreadingscanbeperfp]m€d^ 
are spinal in natctre^ can be recorded andsUu»dmap : : : : 

Bla^enciqpai^ 
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injxiry, cognitive dysfunction or prior testing ahnotmafities wore noted. 
Comparative evaluations can be^^c^^ and to 

maintain goal orientation* 

Neurobiofeedback evaluations can be conduced for central nervous system 
5 abnormalities* 

. TetraH^ wave (*T-wave'*) imaging can be used to visualize soft tissues, 
aiid may b^ e^^eci^^ diagnosing disorders of connective tissues. 

Digital photogi:^hy can be conducted in cases of skin lesions including 
vasculat insufBciency or other clearly observable conditions. A linear, 
10 stimdardized color ^^s^ 

observation. Date and time information can be recorded and coniparative 
evaluations can be conducted serially and recorded for future comparisons. In 
situations in wbich electromagnetic radiation fher^y is being used, frequent 
images can be recorded to provide easy comparisons during the course of ther^y. 
15 Postural evaluations can include scoliometOTi, pelvic asymmetry 

measurements^ leg length measurements and the like can be used for patients 
whose therapeutic goals are directed at those sites. 

Circumferential measurements can be performed on extremities in 
situations in which edema or swelling or atrophy is a component of the presenting 
20 symptoms and findings. Measurementscanbe taken at major joints and flien more 
proximally or distalty, or both. Measurem«its can also be takeft on the 
contralateral side for baseline and^;or conq>arative reasons, and req)onses to 
treatment. 

Broadband radar can be used to monitor rigidity of internal muscles, such 
25 as deep muscles of the leg. 

Computers can be advantageously used to store, recall and compare 
information on a patimt's progress. For example^^^ 

establish a patient's response to compression on the symptomatic as well as 
asymptomatic sides for cdnditioiis that prese^^^^^ Stored data 
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canberecaQedioidTO Histograiiisconip^^ 
variables canbepioducedtomakecoii^iar^ Goii5)uteri2»dmonQffla?ri 
testing can be used to quantij^ sensoiy perceptioti thfeshold to ligpbt touch a 
patimt 

5 Skin pH measuronents can be made^ and can reflect notmalization of 

The above methods and devices are inchided by way of example only. 
Other types of nieasurenaents caabe advantageo^^ 
inveixtion to improve diagnosis and to follow the progress of treatment 
10 The foregoing desaaptions are provided by way of exaii5>le only. Other 

similar methods can be used to treat other conditio 
: characteristics, Wotkets of ordinary sldll in Itoie art can readily i?^^ 
variations of the mefhods described herein are considered to be part of this 
: inventioiL 

I^DOUSlIaAL APmCABIUTY 
This invention provides methods for treating a variety of disorders using 
electromagnetic radiation directed at excitable tissues, including 
: . and blood vessels. The electromagnetic radiation therapy can be used in; 
20 conjunction with other forms of symptOToafic therapy, including allopathic 
remedies, chijxjpractic and other fonm of treatment kno^ in the medical and 
healtii care ffltts. 
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1. A method for treating pain, con^rising the steps of: 

(a) ^Kposing a tissue associated with p^ to non-coherent 
5 electfomagnetic radiation having a controlled wavdength mthe visible^velength 

range; and 

(b) moxutbdngachange characteristic of said ti 
radiation- 

10 2. The method of claim 1, wherdn step (a) further comprises using 
electromagnetic radiationhaving at least one of a controlled wavelengfhbandwidth 
and a controlled wavelength variation over time, 

3. The method of claim 1, wherein st^ (a) furflier comprises using 
1 5 electibmagnetic radiation havmg at least one of a selected pulse frequmcy and a 

controlled fiequency variation over time. 

4. The method of claim 1, wherein step (a) fiirther comprises using 
electromagnetic radiation having at least one of a selected pulse duration and a 

20 controlled ft©qu«icy of variation over time. 

5. The method of claim 1, whetein step (a) further comprises using 
electromagneticradiationhavingatleastoneofaselectedhitensit^ 

mtensity variation over time.. 

25 

6/ The method of claim 1^ further comprising the step of se^^^ 
in step (a) based on the monitoring of st^ (b). 

7. A mettiod for treating pain, comprismg the steps of: 
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(a) exposing a tiss^ associated wilh pain^v^to^^^^^ 
electmmagaetic radiation having a GontxoU 

range; 

(b) monitc^mg a cliange in characteristic of sai 
5 said radiation; and 

(c) selecting a waveloigthin step (a) based on themonitoring of ste^ 

(b). 

8* Amiefliod for tTMllag pain, comprising the ste^^^ 
10 (a) exposing a tissue associated with pain to non-coherent 

electromagnetic radiation having a controlled variable selected ftom the group 
consisting of 

(i) wavelength; 

(ii) baniwidlh: 

15 (iii) putee duration; 

(iv) pulse frequenc)^ 

(v) intensity; and 

(vi) wavelengfli variation over time; 

(b) monitoring a change in charactoistic of saidtissue assodated with 
20 said radiation; and 

(c) selecting a variable in step (a) based on the monitoring of stqp (b). 

9. A meAod for treating pain^ comprising the steps ofi 

(a) ej$osing a ficst^^- t pain to a beam of 

25 electromagnetic radiation having a controlled waveledgfb, 

^^"^ (^^ e>qposing a second tissue associated with pain to a beam of 

electcomagnedc radiation haying a controlled wavelengfti, and 

(c) monitoring a change in a charact^istic of a tissue assodated^ w^ 

said radiation* 
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10. The method of claim 9; whereiij fiirttier 
comprises using electromagnetic radiation having a controlled bandwidth. 

1 1. The method of claim 9> wherein at least one of stq) (a) andstep (b) further 
5 comprises using electromagnetic radiation having a controlled pulse jftequency, 

12. The meOiOd of claim 9, wherein at least one of step (a) and step (b) further 
comprises using electromagnetic radiation having a controlled pulse duration. 

10 13, Themelhodof clahn9, whereinatleastoneof step<a)andstq>(b) further 
comprises using electromagnetic radiation having a controlled intensity. 

14. The method of claim 9^ further comprising the st^ of selecting acontrolled 
wavelength based on the monitoring of st^ (c). 

15. A method for treating pain, comprising the steps of: 

(n) exposing a first tissue associated with pain to a beam of 
electromagnetic radiation having a controlled variable sele<*ed fixra the group 
consisting of: 
20 (i) wavelengtt^ 

(ii) bandwidth; 

(iii) pulse duration; 

(iv) pulse ftequcncy; 

(v) intensity and 

25 (vi) wavelength variation over time; 

(b) ejcposing a second tissue associated with pain to a beam of 
electroiriagnetic radiation having a controDed variables ^ grojxp 

Gonsisting-of: 

(i) wavelength; 
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Cli) bandwidOi; 

(iii) pulse dmatioii; 

(iv) puls^ firequency; 

(v) iatensi^, and 

5 (vi> wavelengtii variation over time; and 

(c) tnonitotiiig a change in a characteristic of a tissue assoeiate^^ 
said radiation* 

16, The method of iBlaiml5, fi^ 

10 one of step (a> and step (b) based on the monitoring of step (c). 

17, A method for treafing pain, con^irising the steps of: 

(a) posing a first tissue associated with pain to a beam of 
electiomagnetic radiation having » controlled variable selected from the groiq> 

15 consisting of: 

(i) wavelength; 
(ja) bandwidth; 
(ill) pulse duration; 
(iv) pulse frequency; 

20 (v) intOTsity; and 

(vi) wavelength variation over time; 

(b) exposing a second tissue associated with pain to a beam of 
electiomagnetic radiation havtog a controUed variable^^ s^^ 

conidstingofr 

25 (i) wavelength; 

(ii) bandwidflu 

(iii) puke duration; 

(iv) pulse frequency; 

(v) itifa^l^and 
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(vi) wavelength variation over time; 

(c) monitoring a change m a characteristic of a tissue associated with 
said radiation; and 

(d) . selecting a variable in at least one of st^ (a) and step (b) based on 
5 the monitoring of st^ (c). 

1 8. A rnefliod for treatmg a nervous 

(a) exposing a portion of a tissue associated with said nervous system 
disorder 

10 to an effective amount of electromagnetic radiation having a controlled 
wavelength; and 

(b) monitoring a diange in a characteristic of said tissue associated 
with said 

radi^on. 

19. Themetbod of claim 18, whereinstep (a) further comprises electromagnetic 
xaittation having a controlled bandwidth. 

20. Themethodof cldm 18, whardnstep (a) further comprises electromagnetic 
20 radiation Ixaving a controlled pulse fiequency. 

21 . Themethod of claim 18, wheremstep (a) fiirther conq)rises electromagnetic 
radiation having a controlled pulse duration. 

25 22. Themethod of claim 18, whereinstep (a) furtharcomprises electromagnetic 
radiation having a controlled intensity* 

23. The method of claim 18, further comprising tiie step of selecting a 
controUed wavelength based on the m^ 
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24. A metbod^r tr^atiiig a nervottss^^tem disorder, oompii^ 

(a) r -expOsing a fiist tissue as^ 
el^xtromagaetic radiatiott^h^ 
consisting of: 

5 (i) wavelength; 

(ii) baodwidth; 
: (iii) 1^ 

(iv) pulse frequeiic>r, 

(v) intensity; and 

10 (vi) wavelaigtii vari^on over time; 

(b) exposing a secx>nd tissue associated with said disorder to A beam 
of electromagne^c ladiatioii ha^^ 

consisting, of: 

(i) waveleng^; 
15 (ii) bandwidth; 

(iiiy piilse duration; 

(iv) puke ftequency; 

(v) intensitjr, and 

(vi) wavel«igth variation over time; and 

20 (c) monitoring a change in a characteristic of a tissue associated with 
said-radiation. 



: 25; A method for treating a nervous system disorder, comprising thesteps of: 
(a) exposing a first tissue associated with said disorder to a^h 
25 V electromagnetic radiation having a controlled variable selected from the group 
consisting of: 

(i) wavelength; 

- ■.--baod^^ ■ • j:.'. " 
;:(ui):-"-:-pi^^ 
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0v) pulse frequency; 

(v) intensity; and 

(vi) wAvelengfli variation over time; 

(b) exposing a second tissue associated with said disorder to a beam 
5 of dectromagnetic radiation having a controDed variable selected &am the groi^ 



consisting of: 





a) 






(ii) 


bandwidli^ 




(iii) 


pulse doralion; 


10 


(iv) 


{Hilsefieqaency, 




(V) 


intensity; and 




(vi) 


wavelengdi variation over time; 



(c) monitoring a response of a characteristic of a tissue assodatedwith 
said radiation; and 

15 (d) seledxDg a variable in at least one of step (a) and step (b) based on 

the monitoring of step (c). 

27. Themethodofclaim 26, &rflier comprising the stcjj of €atraiiMDgst^s(a> 
and (b). 

20 

28. The method of claim 26, vrher&n at least one of step (a) and step (b) 
conqoises providing electromagnetic radiation to at least one sensory tissue 
selected fiom eyes ivod eats^ 

25 29. The method of claim 28, wherein step (a) comprises i«oviding 
electromagnetic radiation to at least one sensory tiwMW selected fiome^ and ears, 
and step (b) coinpriSeS providing electroniagnetic radiation to a peripheral tissue. 



30. A method for treating a peripheral disorder, comprising the stqjs of: 
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* i:,::!: '::':::^^ (i) : wavdengfh^;;::':/:':"::..::-^-;^ ;*:: :: :.::; ■ :: :*; : *:: :::^v::. :: ;: :: " . 

• ■■■S"-^ (ii) bandwidth; 

(pr) pulse^ 

•; • : :;-:;intei5^^ . . " . 

(iny:''':vit^ 

10 ^ - ^^osinga^^ 
electroinagiieticrai^^ 

• " :" '.'::::;::::v::::::;:' :k:v'::: ::' . :: " " . ... * . 

Bandwidfii; liE:;:::-;-::; ./E:- 

15- ■• • . (Jii) pidse duration; - -E'^ 

{vsiy" pxilse; frequency; ■ ■ 
(v) intensitj^ and 

: '.■ ■\the:inj^^ 

3i; A mefhp 

■'■(a) ""^^ 

25 m3«)feficM:^ 
vaiiiatele sele<st 
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(iv) pulse frequency, 

(v) intaisity, and 

(vi) wavelength variation over tune; and 

(b) monitoring a response of a tisitoe associated with said myofesdal 

S syndrome. 

33. The method of claim 32, further conqwismgthestep of selecting a variable 
in step (a) based on the monitoring of step (b). 

10 34. Ami^od for treating symptoms associated withmuscle spasm, conq)rising 
tliestepsof. 

(a) exposingaproximalportionofanerveassociatedwittisaidmuscle 
spasm to abeam of electtomagneticiadiationhaving a controlled variable selected 

from the 9X>iq> consistii^ of: 
15 (i) -wravelength; 

(li) bandwidth; 

(iii) pulse duration; 

(iv) pulse frequ«Qcyj 

(v) mteositj^and 

20 (vi) wavel^igdivttiation overtime and 

(b) monifoiing a response of a tissue associated wifli said myofascial 
syndrome. 

35. Amefliod for treating headache in a sul>ject,con^rising the steps of: 
25 (a) ejqjosing a portion of flie occipital nerve with a beam of 

electromagnetic radiation having a controlled variable selected from the groi^ 
consisting of: 

(i) wavelength; 

(ii) bandwidlJi; 
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20 



Qy) puis© frequency; 

(v) inteisity; and 

(vi) wavelengdi variation over time; and 

(b) monitoiing a response of a tissue associated with said headache. 

36. The m^od of claim 35, wherein said step of exposing includes exposing 
said portion of the ocdpital nCTve to 
aiij^e of about 45'' to the cephalad. 



37. The method of claim 35, furtho: conq)rising stimiiating said subject with 
a beam of electromag^etio radiation at a site near the mn&t canthus of the eye, said 
radiation having a controlled variable selected fiom file gcoup consisting of: 

0) wavelengtl^ 
15 (ii) bandwidth; 

(iii) pulse duration; 

^v) puke firequmcy; 

(v) intensitj^ and 

(vi) wavelength variation over tiitte. 



38. Themefhodofclaim35,whereinthewavelengthofradiationisintherange 
of about 597 mn to about 622 imt 



39. Themefliodofclaim37^ wherein thewavelengdiofradiationis in the ras^ 
25 of about 577 nm to about 597 nm. 

40i The method of claim 37y wherein the wavelaigth of ladiati^ 
of about 577 nm to about 622 nm. 
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41. A method for 1w?rtingii«wronal pain in a subject, conqaising the steps of. 

(a) exposing an affected tissue assodated with said nerve to 
electromagnetic radiation having a wavelength in the range of about 400 to about 
700 nm, and a controlled variable selected from the groiqx consisting of: , 

5 (i) wavdioigtl^ 

(iO bandwidth; 

(iii) ^ pulse duration; 

Crv) pulse frequency; 

(v) intensity; and 
10 (vi) wavelength variation over time; and 

(b) monitoring a response of said affected tissue. 

42. The method of claim 41^ further comprising the step of exposing a 
contralateral nerve associated with said pain. 



43. The method of claim 41, further comprising the step of exposing said 
subject to radiation at a site proximal to the site in step (a). 



44. A method for treating neuronal pain in a subject, conqjrising the 
20 (a) exposing a site near CI to electromagnetic radiation having a 

controlled variable selected from tiie group ccmsisting oft 

(i) wavelmgth; 

(ii) bandwiddi; 

(iii) pulse duration; 
25 (iv) pulse frequency; 

(v) intensit)^, and 

(vi) wavelength variation over time; and 
(b) ihomtoringaiei^nseof ati 
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: 45. lixeihod'^^ 

the step^ o£ 

(a) exposing a blood vessel associated with said i^pathetLc 
hyperactivily to electrom^petic radiation having a controlled variable selected 

5 from the group consisting of: 

(i) wavelength; 

(ii) bandwidth; 

(iii) pulse duration; 

(iv) pulse fbequencj^ 
10 (v) intCTsity;and 

(vO wavelengOi variation ovea: time; and 

(b) monitoring areqponse of a tissue associated with saidblood vessel. 

46. The method of claim 46» wherein said blood vessel is selected from die 
15 '^up consisting of the £^omi^ aorta, the femoral artery, the bracJual artery and 

the popliteal art^ 

47. A method for tres^ing t«q)oromanditnilar joint syndrome in a subject, 
compxisifig the ^s ofi 

20 (a) e>q>osing a tissue associated with said temporomandibular joint 

; syndrome to electromagnetic radiation having a controlled variable selected from 
tiie group consisting ofi 

(i) wavelCTgth; 
(11) bandwidth; 
25 <iii) pulse duration; 

(iv) pulse frequency; 

(v) intensity; and 

- (vi) wavelength variation over time; and 
:: (b) Mc^toriiig a:resp<mse of a^& with said syndrome. 
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48. The method of claim 47, wfaetein said wavelength is in the lange of about 
577 nm to about 622 mru 

49. . The method of claim 47, additionally wix^^ 

5 exposing said tissue to electromagnetic radiation having a wavelengthinthe range 
of about 455 nm to about 492 nm. 

50- A method for treating tiigemiiml neural^a^ conaprising the steps of: 

(a) exposing a tissue associated with trigeminal neural&a to 
10 electromagnetic radiation havnag a controlled variable selected ftom the ^oup 

consisting of; 

(i) wavelength; 

(ii) bandwidth; 

(iii) pulse duration; 
15 (iv) pulse ftequencqr, 

(v) intensity; and 

(vi> wavelength variation over time; and 

(b) TOoratoying a reqKjnse of a tissue assodated with trigeminal 
neuralgia. 

20 

51. A method for treating a abnormalities of vascular p erfusion, comprising the 
steps of: 

(a) exposuig a portion of a tissue a$$ocia(ed wilh said abnonnality of 
vascular 

25 perfusion to an effective amount of electromagnetic radiation having a controlled 

wavelength; and 

(b) monitormg a change in a characteristic of said tissue as 

::with.said:.. 

-radiation^ ■ • ■ 
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52. The method of claim 1, wherein said pain is associated wifh a dlkoider 
selected fix>m&e ^onp consistiiig of comply 

dystonia, rdHex sympathetic dystrophy^ post siii^ical^^^ muscle spasm^ carpal 
tuxmel syndK>me, peripheral neuropathy^ tarsal ti!imiel syndrome, dental pain, 
5 gin^vitis^ and traumatic injury. 

53. A method for treating a subject having a neuromuscular abnormality, 
con^rising the s^ps o^ 

(a) identifying a siteof a neuromuscular abnormality; 
10 (b) selectinga4leastonesiteonsaidsulgect*sbodyforelecti»magne 

radiationthOTpy^T); and 
(c) exposing said at least One site for ERT to a beam couqniidng an 

effective amonist<>f electromagnetic radiationhavi^ a wavelength 

in the visible range. 



15 



20 



54. The method of claim 53, v^ 

radiation comprises a CCTtral wavdeng& 

changes iwith^tu^ around said 

central wavelength. 

55: The method of claiin 54^ 

of about 1 nm to about 100 nm. 



56. i;iie method of claim 54, w^ 

25 cycle time in the range of about 1 sec to about 100 sec. 



•57.:.: '^^T^'-i^^^ 



wavel^glh v^ a 
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58. Tlie inetbod of claim 54, wherein said wavel^glh variation occms in a 
pattern selected from the groiq) consisting of v-waves> sine waves and 
tr^e^oidal waves. 

5 59. The method of claim 53, wherdn said neuromuscular abnormality is 
tr^iesdus spasnt 



10 



60. The method of claim 53, wherem said neuromuscular abnormality is carpal 
tunnel ^drome. 

6L The method of claim 53, wherein said neuromuscular abnormality is Iowct 
extremity neuropathy. 



62* The method of clmm 53, wharein said neuromuscular abnomiality is 
15 myofascial syndrome. 



63. The me&od of claim 53, wherein said site selected in step (b) is an 
electrodiagnostic point, an acupuncture point, a triggerpoint, ameridianor 
is along a nerve distribution to said site of neuromuscular abnormality. 

64. The mediod of claim 53, wherein said beam of electromagnetic radiation 
has a doss-sectional shape selected from the group consisting of circular, 
ellipsoidal, triangular and rectangular. 



20 



25 65. The method of claim 53, wherdn said step (c) includes moving said beam 
of electromagnetic radiation between locations selected in step (b). 



66. The method of claim 53, wherdn two sites are selected in step (b) and a 
firstbeam of electix)magnetic radiationis directs 
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a second beatQ of electromagnetic ladiatioii is directed ^ a second site. 



67. The method of claim 66, wherein said fist beam has at least one property 
selected ftom the groiq) cODsisting of central wavelength, wavelength 
variation, flrequCTicy, change in j&equency, intensity^ change in intensity or 
dinration of applicationthat is different firom the corre^nding proportyof 
said second; b^m. 
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